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ABSTRACT
Objective To review trials of nurse led interventions for
hypertension in primary care to clarify the evidence base,
establish whether nurse prescribing is an important
intervention, and identify areas requiring further study.
Design Systematic review and meta-analysis.
Data sources Ovid Medline, Cochrane Central Register of
Controlled Trials, British Nursing Index, Cinahl, Embase,
Database of Abstracts of Reviews of Effects, and the NHS
Economic Evaluation Database.
Study selection Randomised controlled trials of nursing
interventions for hypertension compared with usual care
in adults.
Data extraction Systolic and diastolic blood pressure,
percentages reaching target blood pressure, and
percentages taking antihypertensive drugs. Intervention
effects were calculated as relative risks or weightedmean
differences, as appropriate, and sensitivity analysis by
study quality was undertaken.
Data synthesis Compared with usual care, interventions
that included a stepped treatment algorithm showed
greater reductions in systolic blood pressure (weighted
mean difference −8.2 mm Hg, 95% confidence interval
−11.5 to −4.9), nurse prescribing showed greater
reductions in blood pressure (systolic −8.9 mm Hg, −12.5
to −5.3 and diastolic −4.0mmHg, −5.3 to −2.7), telephone
monitoring showed higher achievement of blood pressure
targets (relative risk 1.24, 95% confidence interval 1.08 to
1.43), and community monitoring showed greater
reductions in blood pressure (weighted mean difference,
systolic −4.8mmHg, 95% confidence interval −7.0 to −2.7
and diastolic −3.5 mm Hg, −4.5 to −2.5).
Conclusions Nurse led interventions for hypertension
require an algorithm to structure care. Evidence was
found of improved outcomes with nurse prescribers from
non-UK healthcare settings. Good quality evidence from
UK primary health care is insufficient to support
widespread employment of nurses in the management of
hypertension within such healthcare systems.
INTRODUCTION
Essential hypertension is a major cause of cardio-
vascular morbidity.1 In 2003 the prevalence of
hypertension in England was 32% in men and 30% in
women.2 Since the prevalence of hypertension
increaseswith age it is a growing public health problem
in the Western world faced with ageing populations.3
The lowering of raised blood pressure in drug trials has
been associated with a reduction in stroke of 35-40%,
heart attack of 20-25%, and heart failure of over 50%.4
To achieve these benefits, aggressive and organised
treatment to attain blood pressure targets is required,
yet often contacts with health professionals do not trig-
ger changes in antihypertensive therapy5; a phenom-
enon termed “clinical inertia.”6
Most patients require a combination of anti-
hypertensive drugs to reach target blood pressure.
Guidelines advocate logical drug combinations,7 and
in England the National Institute for Health and Clin-
ical Excellence has published a treatment algorithm for
clinicians to follow.8 Hypertension is a condition
almost entirely managed in primary care, and in the
United Kingdom is an important component of the
Quality and Outcomes Framework, which rewards
practices for achievement of blood pressure standards
set by the National Institute for Health and Clinical
Excellence.9 Achievement between practices, how-
ever, varies considerably10 and knowledge of guide-
lines among general practitioners does not
necessarily translate into their implementation.11
Doubt persists about how best to organise effective
care and interventions to control hypertension by the
primary care team. In 2005 a Cochrane review classi-
fied 56 trials of interventions into six categories: self
monitoring, education of patients, education of health
professionals, care led by health professionals (nurses
or pharmacists), appointment reminder systems, and
organisational interventions. The review concluded
that an organised system of regular review allied to
vigorous antihypertensive drug therapy significantly
reduced blood pressure and that a stepped care
approach for those with blood pressure above target
was needed.12 Nurse or pharmacist led care was sug-
gested to be a promising way forward but required
further evaluation. Another review found that appro-
priately trained nurses can produce high quality care
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and good health outcomes for patients, equivalent to
that achieved by doctors, with higher levels of patient
satisfaction.13 Nurse led care is attractive as it has been
associated with stricter adherence to protocols,
improved prescribing in concordance with guidelines,
more regular follow-up, and potentially lower health-
care costs. Without associated changes in models of
prescribing, however, there seems to be little effect on
blood pressure level.14 At present the usual model of
care is shared between general practitioners and prac-
tice nurses, with general practitioners prescribing. Our
local survey of Devon and Somerset found that of 79
responding practices (n=182; response rate 43%) 53
were using this model, with only four using nurse led
care, including nurse prescribing (unpublished obser-
vation). In the light of these uncertainties over models
of care and whether blood pressure reduction with
nurse led care can be achieved, we explored further
the trial evidence for efficacy of nurse led interventions
through a systematic review. To elucidate whether
nurse prescribing is an important component of this
complex intervention and to identify areas in need of
further study, we reviewed the international evidence
base for such an intervention and its applicability to
primary care in the United Kingdom.
METHODS
We searched the published literature for randomised
controlled trials that included an intervention deliv-
ered by nurses, nurse prescribers, or nurse practi-
tioners designed to improve blood pressure,
compared with usual care. The population of interest
was adults aged 18 or over with newly diagnosed or
established hypertension above the study target, irre-
spective of whether or not they were taking anti-
hypertensive drugs. Primary outcome measures were
systolic and diastolic blood pressure at the end of the
study, changes in systolic and diastolic blood pressure
compared with baseline, percentage of patients reach-
ing target blood pressure, and percentage taking anti-
hypertensive drugs. The secondary outcome was cost
or cost effectiveness of interventions.
Data sources and extraction
We searched Ovid Medline, the Cochrane Central
Register of Controlled Trials, British Nursing Index,
Cinahl, Embase, Database of Abstracts of Reviews of
Effects, and the NHS Economic Evaluation Database.
Using a strategy modified from the previous review of
2005 we searched for randomised controlled trials in
original English language and published between Jan-
uary 2003 and November 2009.12 We identified older
citations from this review, hence the choice of cut-off
date for the search (see web extra). We also corre-
sponded with authors to identify missed citations.
Two authors (CEC, LFPS) independently selected
potentially relevant studies by screening retrieved cita-
tions and abstracts. Trials assessed as definite or uncer-
tain for inclusion were retrieved as full papers.
Differences were resolved by discussion; arbitration
from a third author (JLC) was planned but not
required. Two authors (CEC, LFPS) independently
extracted details of the studies anddata using a standar-
dised electronic form, with differences resolved by dis-
cussion. Risk of bias in the generation of the
randomisation sequence, allocation concealment, and
blinding (participants, carers, assessors) was assessed
as adequate, uncertain, or inadequate using Cochrane
criteria.15 One author (LFPS) checked the reference
lists of all included studies for further potentially rele-
vant citations, and two authors (CEC, LFPS) reviewed
this list and agreed on further potentially relevant
papers to retrieve in full. Searches were undertaken
in June 2009 and repeated in November 2009 before
final writing up.
Statistical analysis
Data were pooled and analysed using RevMan v5.0.16
We carried out separate analyses for each intervention
and outcomemeasure compared with usual care. Inter-
vention effectswere calculated as relative riskswith 95%
confidence intervals for dichotomous data. For contin-
uous data we used a conservative random effects meta-
analysis model to calculate mean differences and
weighted mean differences with 95% confidence inter-
vals.Whena study includedmore thanone intervention
group with a single comparator arm, we included both
intervention groups and split the number of patients in
the common comparator arm across the separate inter-
vention arms.15Where required we calculated standard
deviations from standard errors or confidence intervals
presented within papers. Heterogeneity was quantified
using the I2 statistic and the χ2 test of heterogeneity.
Using sensitivity analysis we explored heterogeneity
by excluding single outlying results or restricting analy-
sis to studies of good quality. We reported pooled data
only when heterogeneity was not significant (P>0.05).
Two authors (CEC, RST) reviewed the data from clus-
ter randomised controlled trials and either extracted the
data as presented when the authors were deemed to
have taken account of cluster effects or first adjusted
using a design factor,15 with intraclass correlation coeffi-
cients for systolic and diastolic blood pressure derived
from cluster studies in primary care.17
RESULTS
Searches identified 1465 potential citations. A further
66 potential studies were identified from citations in
retrieved papers. After initial screening of the titles
and abstracts 71 full studies were assessed for possible
inclusion in the reviewand33met the inclusion criteria
(fig 1).
Included studies
Table 1 summarises the characteristics of the included
studies. Seven cluster randomised controlled trials
were randomised at practice18-23 or family level. 24
Five described adjustment for clustering effects but
two did not seem to have done so, therefore these
were adjusted for cluster size. 23 24 One study used a
two level nested design of interventions at provider
and patient level; combined patient level outcomes
RESEARCH
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were extracted where possible, or as separate inter-
vention and control groups for each provider inter
vention.25 Four studies had three arms. Three com-
pared telephone monitoring and face to face nurse
monitoring with usual care26-28 and outcomes were
extracted as separate groups; one compared nurse
and general practitioner interventions with usual care
and only the nurse and control outcomes were
extracted.21 The remaining randomised controlled
trials were two armed studies randomised at individual
patient level.
Interventions were categorised as nurse support
delivered by either telephone (seven studies),25-31 com-
munity monitoring (defined as home or other non-
healthcare setting; eight studies),24 26 32-37 or nurse led
clinics. These were held in either primary care (13
studies)20-23 27 28 35 38-43 or secondary care (six
studies).44-49 One study used alternate sessions with
nurses at home and in general practice.50 Fourteen stu-
dies included a stepped treatment
algorithm1819 21-24 30 31 35 37 38 40 47 48 and nine included
nurse prescribing in their protocol.24 30 31 35 37 40 44 47 48
Although most of the studies recruited participants
with hypertension, 11 also recruited participants with
diabetes,18 19 22 23 31 36 37 44 46-48 five with coronary heart
disease,20 21 33 39 50 and one the siblings of patients with
coronary heart disease.24Most studies recruited predo-
minantly white participants. Four studied hyperten-
sion care provided to African Americans,24 26 29 40
three to Chinese,33 34 46 two to South Asians,19 23 one to
American Indians,37 and two to mixed non-white
populations.44 45 Thirty eight studies were excluded
after review of the full paper (fig 1).
Risk of bias in included studies
Overall, study quality was moderate; random
sequence generation was adequate in 70% (23/33) of
studies, allocation concealment in 58% (19/33), and
blinding of data collection in 43% (14/33); one study
was described as an open (unblinded) randomised con-
trolled trial.41 Thirteen studies were assessed as ade-
quate in two of the three domains and adequate or
unclear for the third.20 22 25 26 29 30 32-34 40 42 46 48 These stu-
dies were defined as of “good quality” and were used
for sensitivity analysis by study quality. Only three of
these reported UK trials; one of patients with ischae-
mic heart disease andhypertension20 and twoof people
with diabetes and hypertension.22 48 The method of
blood pressure measurement was not described in 12
studies,19-24 33 39 42 43 46 47 10 used automated
monitors,18 26-30 36 37 44 48 and seven referred to authorita-
tive guidelines for measurement.25 32 34 41 44 45 50
Effects of interventions
Pooling of data across different types of interventions
was limited by noticeable statistical heterogeneity
between studies, which was not explained by restric-
tion to good quality studies. Consequently the results
are presented as subgroup analyses by type of inter-
vention (table 2). (See web extra for forest plots for
all comparisons; summary statistics were omitted if
significant heterogeneity was present; see table 2).
One study did not report any estimates of variance
and did not contribute data to the meta-analyses. 42
Use of a treatment algorithm
Fourteen studies included a stepped treatment algo-
rithm in their intervention1819 21-24 30 31 35 37 38 40 47 48 and
for nine it was the main focus of the inter
vention.18 19 21 22 35 37 38 47 48 Two studies of good
quality30 40 showed greater magnitudes of reductions
in blood pressure with the use of an algorithm com-
pared with usual care: weighted mean difference, sys-
tolic −9.7 mm Hg (95% confidence interval −14.0. to
−5.4 mm Hg) and diastolic −4.3 mm Hg (−7.4 to
−1.2 mm Hg). Pooling of all four studies also showed
a greatermagnitude of reduction in systolic bloodpres-
sure (−8.2 mmHg, −11.5 to −4.9; fig 2)23 30 37 40 with the
use of an algorithm compared with usual care.
Pooling of three good quality studies2240 48 showed no
significant difference in achievement of study blood
pressure targets in favour of an intervention including
an algorithm (relative risk 1.09, 95%confidence interval
0.93 to 1.27).Although a total of 10 studies reported this
outcome,1819223135 3840424748 statistical and clinical
heterogeneity between them was significant.
Nurse prescribing
Nine studies included nurse prescribing in their proto-
col; three in secondary care settings,44 47 48 three using
community interventions,24 35 37 two using telephone
monitoring,30 31 and one based in primary care.40
Two good quality studies30 40 showed greater magni-
tudes of blood pressure reductions for nurse prescrib-
ing than for usual care: weighted mean difference,
systolic −9.7 mm Hg (95% confidence interval −14.0
to −5.4) and diastolic −4.3 mmHg (−7.4 to −1.2). Pool-
ing of all studies showed similar reductions: systolic
−8.9 mm Hg (−12.5 to −5.3) and diastolic −4.0 mm
Hg (−5.3 to −2.7; fig 3).
Records identified through search of databases (n=1465)
Additional records identified through other sources (n=66)
Full text records retrieved (n=148)
Full text articles assessed for eligibility (n=71)
Studies included in qualitative synthesis (n=33)
Studies included in quantitative synthesis (meta-analysis) (n=32)
Records excluded (n=77)
Full text articles excluded (n=38):
  No nurse intervention at individual level (n=17)
  Not a randomised controlled trial (n=10)
  No outcome measure reported (n=6)
  Participants did not have hypertension (n=3)
  Further report of included study (n=2)
Fig 1 | Flow of papers through study
RESEARCH
BMJ | ONLINE FIRST | bmj.com page 3 of 17
Ta
bl
e
1
|C
h
a
ra
ct
e
ri
st
ic
s
o
f
in
cl
u
d
ed
st
u
d
ie
s
S
tu
d
y
a
n
d
se
tt
in
g
S
tu
d
y
ty
p
e
(d
u
ra
ti
o
n
)
P
a
rt
ic
ip
a
n
ts
S
a
m
p
le
si
ze
(i
n
te
rv
e
n
ti
o
n
/
co
n
tr
o
ls
)
S
u
b
g
ro
u
p
s
a
n
a
ly
se
d
In
te
rv
e
n
ti
o
n
s
Q
u
a
li
ty
ju
d
g
m
en
t*
O
u
tc
o
m
e
m
e
a
su
re
s
e
xt
ra
ct
e
d
†
R
e
su
lt
s
A
rt
in
ia
n
2
0
0
1
,*
2
6
fa
m
ily
co
m
m
u
n
it
y
ce
n
tr
e,
D
et
ro
it
,
U
S
A
P
ilo
t
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
th
re
e
m
o
n
th
s)
A
fr
ic
a
n
A
m
er
ic
a
n
s
a
ge
d
>1
8
ye
a
rs
w
it
h
sy
st
o
lic
b
lo
o
d
p
re
ss
u
re
>1
4
0
m
m
H
g
o
rd
ia
st
o
lic
9
0
m
m
H
g
(>
1
3
0
m
m
H
g
o
r>
8
5
m
m
H
g
if
d
ia
b
e
te
s
o
r
p
re
vi
o
u
s
m
yo
ca
rd
ia
l
in
fa
rc
ti
o
n
)
6
/6
/9
Te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g,
co
m
m
u
n
it
y.
m
o
n
it
o
ri
n
g,
a
n
d
et
h
n
ic
it
y
G
ro
u
p
1
:
tw
o
n
u
rs
e
vi
si
ts
a
n
d
th
en
w
ee
kl
y
te
le
p
h
o
n
e
fe
ed
b
a
ck
to
n
u
rs
e
o
n
h
o
m
e
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
e
n
ts
(h
o
m
e
te
le
m
o
n
it
o
ri
n
g
p
lu
s
u
su
al
ca
re
);
gr
o
u
p
2
:
1
2
w
ee
kl
y
n
u
rs
e
vi
si
ts
to
fe
ed
b
a
ck
h
o
m
e
b
lo
o
d
p
re
ss
u
re
m
e
a
su
re
m
en
ts
(c
o
m
m
u
n
it
y
m
o
n
it
o
ri
n
g
p
lu
s
u
su
a
lc
a
re
);
gr
o
u
p
3
:u
su
al
d
o
ct
o
r
ca
re
w
it
h
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
tw
ic
e
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(U
A
7
6
7
P
C
;
A
&
D
M
ed
ic
a
l,
S
a
n
Jo
se
,
C
A
,
U
S
A
),
fi
ve
m
in
u
te
s
a
p
a
rt
a
ft
e
rf
iv
e
m
in
u
te
s’
re
st
.M
ea
n
b
lo
o
d
p
re
ss
u
re
re
co
rd
e
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
lin
d
in
g
a
d
e
q
u
a
te
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
gr
o
u
p
1
,
1
2
4
.1
(S
D
1
3
.8
)
m
m
H
g
;
gr
o
u
p
2
,
1
4
2
.3
(S
D
1
2
.1
)
m
m
H
g,
gr
o
u
p
3
,
1
4
3
.3
(S
D
1
2
.7
)
m
m
H
g.
D
ia
st
o
li
c:
g
ro
u
p
1
,
7
5
.6
5
(S
D
1
1
.4
)m
m
H
g
;g
ro
u
p
2
,7
8
.3
(S
D
6
.9
)
m
m
H
g;
gr
o
u
p
3
,
8
9
.1
(S
D
1
0
.6
)
m
m
H
g
A
rt
in
ia
n
2
0
0
7
,*
2
9
D
et
ro
it
,
U
S
A
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
A
fr
ic
a
n
A
m
er
ic
a
n
s
a
ge
d
>1
8
ye
a
rs
w
it
h
sy
st
o
lic
b
lo
o
d
p
re
ss
u
re
≥1
4
0
m
m
H
g
o
r
d
ia
st
o
lic
≥9
0
m
m
H
g
(>
1
3
0
m
m
H
g
o
r>
8
0
m
m
H
g
if
d
ia
b
et
e
s
o
r
re
n
a
l
d
is
ea
se
)
1
6
7
/1
6
9
Te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g
a
n
d
et
h
n
ic
it
y
S
e
lf
m
o
n
it
o
ri
n
g
b
lo
o
d
p
re
ss
u
re
a
t
h
o
m
e
se
n
t
o
ve
r
te
le
p
h
o
n
e
to
n
u
rs
e
;
tr
a
in
ed
n
u
rs
e
vi
si
te
d
p
a
ti
en
t
tw
ic
e
a
t
h
o
m
e
to
te
a
ch
a
b
o
u
t,
d
el
iv
er
,
a
n
d
se
t
u
p
b
lo
o
d
p
re
ss
u
re
eq
u
ip
m
e
n
t.
W
h
en
te
le
p
h
o
n
e
d
a
ta
re
ce
iv
ed
,
n
u
rs
e
te
le
p
h
o
n
ed
p
a
ti
en
t
a
b
o
u
t
li
fe
st
yl
e
a
n
d
a
d
h
er
en
ce
to
tr
ea
tm
en
t.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
tw
ic
e
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(H
EM
-7
3
7
;
O
m
ro
n
,J
a
p
a
n
)
a
ft
e
r
fi
ve
m
in
u
te
s’
re
st
.M
e
a
n
b
lo
o
d
p
re
ss
u
re
re
co
rd
e
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g:
a
d
e
q
u
a
te
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
1
4
5
.0
(S
D
2
1
.0
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
4
8
.1
(S
D
2
2
.3
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
8
3
.8
(S
D
1
2
.1
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
8
3
.5
(S
D
1
3
.6
)
m
m
H
g
fo
r
co
n
tr
o
l
B
eb
b
2
0
0
7
,1
8
4
2
g
en
er
a
l
p
ra
ct
ic
es
,
N
o
tt
in
gh
am
,
En
gl
a
n
d
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
p
ra
ct
ic
e
le
ve
l(
1
2
m
o
n
th
s)
P
eo
p
le
w
it
h
ty
p
e
2
d
ia
b
e
te
s
a
ge
d
1
8
-8
0
,
w
it
h
b
lo
o
d
p
re
ss
u
re
≥1
4
0
/9
0
m
m
H
g
2
0
/2
2
cl
u
st
e
rs
,
7
9
7
/
7
3
7
p
a
rt
ic
ip
a
n
ts
A
lg
o
ri
th
m
Tr
ea
tm
en
t
a
lg
o
ri
th
m
fo
r
m
a
n
a
ge
m
e
n
t
o
f
h
yp
e
rt
e
n
si
o
n
in
ty
p
e
2
d
ia
b
e
te
s
fo
ll
o
w
ed
b
y
p
ra
ct
ic
e
n
u
rs
es
a
n
d
ge
n
er
a
lp
ra
ct
it
io
n
er
s.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
tw
ic
e
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(H
E
M
-7
0
5
C
P
;
O
m
ro
n
,
Ja
p
a
n
)a
ft
e
rf
iv
e
m
in
u
te
s’
re
st
,a
n
d
re
p
ea
te
d
th
ir
d
ti
m
e
if
>1
0
%
d
if
fe
re
n
ce
.M
ea
n
o
f
la
st
tw
o
re
a
d
in
gs
re
co
rd
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(c
o
u
ld
n
o
t
b
li
n
d
cl
in
ic
ia
n
s
to
in
te
rv
e
n
ti
o
n
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
;
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
4
0
/8
0
m
m
H
g
w
it
h
tr
e
a
tm
e
n
t
o
r
<1
4
0
/9
0
m
m
H
g;
a
n
d
p
ro
p
o
rt
io
n
re
ce
iv
in
g
tr
ea
tm
en
t
S
ys
to
lic
:
1
4
3
.0
(S
D
1
9
.5
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
4
3
.1
(S
D
1
7
.7
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
7
8
.2
(S
D
1
0
.2
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
7
7
.9
(S
D
1
0
.4
)
m
m
H
g
fo
r
co
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
2
7
2
/7
4
3
fo
r
in
te
rv
e
n
ti
o
n
,
2
3
2
/6
7
7
fo
r
co
n
tr
o
l.
Tr
ea
tm
en
t
re
ce
iv
e
d
:
5
2
6
/7
4
3
fo
ri
n
te
rv
en
ti
o
n
,4
7
1
/
6
7
7
fo
r
co
n
tr
o
l
B
ec
k
er
2
0
0
5
,2
4
B
a
lt
im
o
re
,
U
S
A
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
fa
m
ily
le
ve
l(
1
2
m
o
n
th
s)
A
fr
ic
a
n
A
m
er
ic
a
n
s
a
ge
d
3
0
-5
9
.S
ib
li
n
gs
o
f
p
ro
b
a
n
d
s
w
it
h
co
ro
n
a
ry
h
ea
rt
d
is
ea
se
a
ge
d
<6
0
id
en
ti
fi
ed
a
t
a
d
m
is
si
o
n
9
2
/1
0
2
cl
u
st
e
rs
,
1
9
6
/
1
6
8
p
a
rt
ic
ip
a
n
ts
A
lg
o
ri
th
m
,
co
m
m
u
n
it
y
m
o
n
it
o
ri
n
g,
n
u
rs
e
p
re
sc
ri
b
in
g
,a
n
d
et
h
n
ic
it
y
G
ro
u
p
1
:
co
m
m
u
n
it
y
b
a
se
d
ca
re
,i
n
a
n
o
n
-
h
ea
lt
h
ca
re
se
tt
in
g,
3
0
m
in
u
te
se
ss
io
n
s
w
it
h
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
a
n
d
ev
a
lu
a
ti
o
n
o
f
tr
ea
tm
en
t
b
y
n
u
rs
e
p
ra
ct
it
io
n
er
,a
n
d
d
ie
t,
ex
er
ci
se
,a
n
d
sm
o
ki
n
g
co
u
n
se
lli
n
g
b
y
co
m
m
u
n
it
y
h
ea
lt
h
w
o
rk
er
.
N
u
rs
e
re
sp
o
n
si
b
le
fo
r
co
m
m
u
n
ic
a
ti
n
g
ch
an
ge
s
o
f
tr
ea
tm
en
t
a
n
d
d
ec
is
io
n
s
o
n
a
p
p
lic
a
ti
o
n
o
f
gu
id
el
in
es
.G
ro
u
p
2
:
en
h
a
n
ce
d
p
ri
m
a
ry
ca
re
(c
o
n
tr
o
l)
,
fa
m
ily
p
h
ys
ic
ia
n
s
a
n
d
p
a
ti
en
ts
gi
ve
n
in
fo
rm
a
ti
o
n
fr
o
m
b
a
se
lin
e
a
ss
es
sm
en
t
a
n
d
sa
m
e
gu
id
el
in
es
b
u
t
le
ft
to
u
su
a
lc
a
re
o
f
fa
m
ily
p
h
ys
ic
ia
n
.M
et
h
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
n
o
t
d
es
cr
ib
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(c
o
u
ld
n
o
t
b
li
n
d
n
u
rs
e
p
ra
ct
it
io
n
er
s
to
d
el
iv
er
y
o
f
co
m
m
u
n
it
y
b
a
se
d
ca
re
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
S
ys
to
lic
:1
3
0
(S
D
1
4
)m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
4
(S
D
1
7
)
m
m
H
g
fo
rc
o
n
tr
o
l.
D
ia
st
o
lic
:8
4
(S
D
9
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
8
5
(S
D
1
0
)
m
m
H
g
fo
r
co
n
tr
o
l.
A
n
ti
h
yp
e
rt
e
n
si
ve
d
ru
gs
:
1
0
2
/
1
9
6
fo
r
in
te
rv
en
ti
o
n
,6
9
/1
6
8
fo
r
co
n
tr
o
l
B
el
la
ry
2
0
0
8
,1
9
2
1
g
en
er
a
lp
ra
ct
ic
e
s
in
C
o
ve
n
tr
y
a
n
d
B
ir
m
in
g
h
a
m
,
En
gl
a
n
d
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
p
ra
ct
ic
e
le
ve
l(
2
4
m
o
n
th
s)
S
o
u
th
A
si
a
n
a
d
u
lt
s
w
it
h
ty
p
e
2
d
ia
b
et
es
9
/1
2
cl
u
st
e
rs
,8
6
8
/6
1
8
p
a
rt
ic
ip
a
n
ts
A
lg
o
ri
th
m
a
n
d
et
h
n
ic
it
y
C
o
m
m
o
n
tr
e
a
tm
en
ta
lg
o
ri
th
m
s
fo
rc
o
n
tr
o
lo
f
b
lo
o
d
p
re
ss
u
re
,
d
ia
b
et
es
,
a
n
d
lip
id
le
ve
ls
.
In
te
rv
en
ti
o
n
gr
o
u
p
p
ra
ct
ic
e
n
u
rs
e
s
re
ce
iv
ed
a
d
d
it
io
n
a
lt
im
e
(f
o
u
rh
o
u
rs
p
er
w
ee
k
)t
o
ru
n
cl
in
ic
s
a
n
d
im
p
le
m
en
t
p
ro
to
co
ls
,t
ra
in
in
g
in
d
ia
b
et
es
,
a
n
d
su
p
p
o
rt
fr
o
m
d
ia
b
et
es
sp
ec
ia
li
st
n
u
rs
es
.A
ll
p
a
rt
ic
ip
a
n
ts
w
e
re
su
p
p
o
rt
ed
b
y
lin
k
w
o
rk
er
s
a
b
le
to
p
ro
vi
d
e
in
te
rp
re
ta
ti
o
n
a
n
d
in
p
u
t
in
lo
ca
ll
a
n
g
u
a
ge
s.
M
et
h
o
d
o
fb
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
e
n
tn
o
t
d
es
cr
ib
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g
in
a
d
eq
u
a
te
(c
o
u
ld
n
o
t
b
li
n
d
n
u
rs
es
to
in
te
rv
en
ti
o
n
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
,
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
,
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
1
3
0
/8
0
m
m
H
g
,o
r
1
2
5
/
7
5
m
m
H
g
if
p
ro
te
in
u
ri
a
p
re
se
n
t
S
ys
to
lic
:
1
3
4
.3
(S
D
2
1
.1
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
6
.4
(S
D
2
0
.3
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
7
8
.4
(S
D
1
1
.0
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
8
1
.0
(S
D
1
1
.1
)
m
m
H
g
fo
r
co
n
tr
o
l.
A
n
ti
h
yp
e
rt
e
n
si
ve
d
ru
gs
:
6
6
0
/
8
6
8
fo
r
in
te
rv
en
ti
o
n
,4
5
9
/6
1
8
fo
r
co
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
3
1
0
/8
6
8
fo
r
in
te
rv
e
n
ti
o
n
,
1
9
1
/6
1
8
fo
r
co
n
tr
o
l
RESEARCH
page 4 of 17 BMJ | ONLINE FIRST | bmj.com
S
tu
d
y
a
n
d
se
tt
in
g
S
tu
d
y
ty
p
e
(d
u
ra
ti
o
n
)
P
a
rt
ic
ip
a
n
ts
S
a
m
p
le
si
ze
(i
n
te
rv
e
n
ti
o
n
/
co
n
tr
o
ls
)
S
u
b
g
ro
u
p
s
a
n
a
ly
se
d
In
te
rv
e
n
ti
o
n
s
Q
u
a
li
ty
ju
d
g
m
en
t*
O
u
tc
o
m
e
m
e
a
su
re
s
e
xt
ra
ct
e
d
†
R
e
su
lt
s
B
o
sw
o
rt
h
2
0
0
9
,*
2
5
p
ri
m
a
ry
ca
re
cl
in
ic
,
D
u
rh
a
m
,
U
S
A
Tw
o
le
ve
ln
es
te
d
cl
u
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
ed
a
t
p
ro
vi
d
er
a
n
d
p
a
ti
en
t
le
ve
l(
2
4
m
o
n
th
s)
W
h
it
e
(5
0
%
)
o
r
A
fr
ic
a
n
A
m
er
ic
a
n
(4
3
%
)
p
a
rt
ic
ip
a
n
ts
(9
8
%
m
e
n
)
w
it
h
h
yp
er
te
n
si
o
n
o
r
ta
ki
n
g
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
in
p
re
vi
o
u
s
1
2
m
o
n
th
s
G
ro
u
p
1
,
1
5
0
/1
5
1
;
g
ro
u
p
2
,
1
4
4
/1
4
3
;
p
o
o
le
d
gr
o
u
p
s,
2
9
4
/
2
9
4
Te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g
P
ro
vi
d
er
s
ra
n
d
o
m
is
ed
to
d
ec
is
io
n
su
p
p
o
rt
(g
ro
u
p
1
)
o
r
h
yp
er
te
n
si
o
n
re
m
in
d
er
s
(g
ro
u
p
2
).
Th
ei
rp
a
ti
en
ts
w
er
e
ra
n
d
o
m
is
ed
to
n
u
rs
e
te
le
p
h
o
n
e
su
p
p
o
rt
fo
r
b
e
h
a
vi
o
u
ra
lc
h
a
n
ge
ev
er
y
tw
o
m
o
n
th
s
(i
n
te
rv
en
ti
o
n
)
o
r
u
su
a
l
ca
re
.S
ys
to
lic
b
lo
o
d
p
re
ss
u
re
fo
r
p
a
ti
e
n
t
te
le
p
h
o
n
e
su
p
p
o
rt
ve
rs
u
s
u
su
a
lc
a
re
ex
tr
a
ct
ed
fo
r
ea
ch
gr
o
u
p
.T
a
rg
et
a
ch
ie
ve
m
e
n
t
re
p
o
rt
ed
p
o
o
le
d
a
cr
o
ss
b
o
th
gr
o
u
p
s.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
b
y
“t
ra
in
e
d
cl
in
ic
h
ea
lt
h
ca
re
p
ro
vi
d
e
rs
a
cc
o
rd
in
g
to
V
et
er
a
n
s’
A
ff
a
ir
s
st
a
n
d
a
rd
s.
”
C
lin
ic
b
lo
o
d
p
re
ss
u
re
re
a
d
in
gs
u
se
d
fo
r
st
u
d
y
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
a
d
eq
u
at
e
S
ys
to
li
c
b
lo
o
d
p
re
ss
u
re
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
e
t
1
4
0
/
9
0
m
m
H
g,
o
r
1
3
5
/8
5
m
m
H
g
w
it
h
d
ia
b
e
te
s
S
ys
to
lic
:
gr
o
u
p
1
,
1
3
6
.9
(S
D
1
9
.7
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
1
3
6
.8
(S
D
2
0
.8
)
m
m
H
g
fo
r
co
n
tr
o
l;
gr
o
u
p
2
,1
3
6
.3
(S
D
1
9
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
1
3
6
.8
(S
D
1
9
.1
)
m
m
H
g
fo
r
co
n
tr
o
l.
Ta
rg
e
t
b
lo
o
d
p
re
ss
u
re
:
1
6
0
/2
9
4
fo
ri
n
te
rv
en
ti
o
n
,1
2
9
/
2
9
4
fo
r
co
n
tr
o
l
C
a
m
p
b
e
ll
1
9
9
8
,3
9
S
co
tl
a
n
d
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
w
it
h
kn
o
w
n
co
ro
n
a
ry
h
ea
rt
d
is
ea
se
5
9
3
/5
8
0
N
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
N
u
rs
e
ru
n
b
lo
o
d
p
re
ss
u
re
cl
in
ic
s
w
it
h
2
-6
m
o
n
th
ly
fo
ll
o
w
-u
p
in
a
cc
o
rd
a
n
ce
w
it
h
B
ri
ti
sh
H
yp
er
te
n
si
o
n
S
o
ci
e
ty
g
u
id
el
in
es
(1
9
9
3
),
a
n
d
re
fe
rr
a
lt
o
ge
n
er
a
lp
ra
ct
it
io
n
e
ri
f
tr
ea
tm
e
n
t
n
e
ed
ed
.M
et
h
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
e
a
su
re
m
e
n
t
n
o
t
d
e
sc
ri
b
e
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(n
u
rs
es
n
o
t
b
li
n
d
e
d
)
B
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
6
0
/9
0
m
m
H
g
a
n
d
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
Ta
rg
e
t
b
lo
o
d
p
re
ss
u
re
:
5
2
4
/
5
7
3
fo
r
in
te
rv
en
ti
o
n
,4
7
5
/5
5
9
fo
r
co
n
tr
o
l.
A
n
ti
h
yp
er
te
n
si
ve
d
ru
g
s:
5
7
2
/5
9
3
fo
r
in
te
rv
e
n
ti
o
n
,
5
1
0
/5
8
0
fo
r
co
n
tr
o
l
D
en
ve
r
2
0
0
3
,4
4
Lo
n
d
o
n
,
En
gl
a
n
d
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
eo
p
le
w
it
h
ty
p
e
2
d
ia
b
e
te
s
a
n
d
h
yp
e
rt
en
si
o
n
(d
ef
in
e
d
a
s
b
lo
o
d
p
re
ss
u
re
≥1
4
0
/8
0
m
m
H
g)
a
n
d
a
lr
e
a
d
y
re
ce
iv
in
g
a
n
ti
h
yp
e
rt
e
n
si
ve
tr
ea
tm
en
t
5
9
/5
6
N
u
rs
e
le
d
cl
in
ic
(s
ec
o
n
d
a
ry
ca
re
),
n
u
rs
e
p
re
sc
ri
b
in
g
,a
n
d
et
h
n
ic
it
y
N
u
rs
e
le
d
se
co
n
d
a
ry
ca
re
(o
u
tp
a
ti
en
t)
h
yp
e
rt
e
n
si
o
n
cl
in
ic
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
tw
ic
e
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(O
m
ro
n
H
EM
-7
0
5
C
P
,
Ja
p
a
n
)
a
ft
e
r
fi
ve
m
in
u
te
s’
re
st
a
cc
o
rd
in
g
to
B
ri
ti
sh
H
yp
er
te
n
si
o
n
S
o
ci
et
y
gu
id
el
in
e
s.
S
e
co
n
d
re
a
d
in
g
w
a
s
u
se
d
.B
o
th
a
rm
s
ch
ec
ke
d
a
n
d
le
ft
a
rm
u
se
d
if
n
o
d
if
fe
re
n
ce
b
e
tw
ee
n
a
rm
s
S
eq
u
en
ce
g
en
er
a
ti
o
n
in
a
d
eq
u
a
te
,
a
lt
er
n
a
te
ca
se
ra
n
d
o
m
is
a
ti
o
n
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g:
in
a
d
eq
u
a
te
(n
u
rs
es
a
n
d
p
a
rt
ic
ip
a
n
ts
n
o
t
b
lin
d
ed
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
e
ts
1
4
0
/8
0
,o
r
1
2
0
/7
0
m
m
H
g
if
re
n
a
l
im
p
a
ir
m
en
t
1
4
1
.1
(S
D
1
9
.3
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
5
1
.0
(S
D
2
1
.9
)
m
m
H
g
fo
r
co
n
tr
o
l;
7
9
.9
(S
D
1
0
.6
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
8
2
.2
(S
D
1
2
.4
)
m
m
H
g
fo
r
co
n
tr
o
l:
2
0
/5
9
fo
ri
n
te
rv
en
ti
o
n
,
6
/5
6
fo
r
co
n
tr
o
l
G
a
rc
ia
-
P
en
a
2
0
0
1
,*
3
2
M
ex
ic
o
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
a
ge
d
≥6
0
w
it
h
sy
st
o
li
c
b
lo
o
d
p
re
ss
u
re
≥1
6
0
m
m
H
g
o
r
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
≥9
0
m
m
H
g
a
t
sc
re
e
n
in
g
3
4
5
/3
3
8
C
o
m
m
u
n
it
y
m
o
n
it
o
ri
n
g
G
ro
u
p
1
:
re
gu
la
r
n
u
rs
e
vi
si
ts
(f
o
rt
n
ig
h
tl
y
to
m
o
n
th
ly
)
a
t
h
o
m
e
to
m
ea
su
re
b
lo
o
d
p
re
ss
u
re
,
d
is
cu
ss
lif
es
ty
le
ch
a
n
ge
s,
a
n
d
re
vi
ew
d
ru
gs
a
n
d
a
d
h
er
e
n
ce
,
p
lu
s
u
su
al
p
h
ys
ic
ia
n
ca
re
.G
ro
u
p
2
:
p
o
st
a
lp
a
m
p
h
le
t
a
b
o
u
t
h
yp
er
te
n
si
o
n
p
lu
s
u
su
a
lp
h
ys
ic
ia
n
ca
re
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
tw
ic
e
se
a
te
d
a
n
d
o
n
ce
st
a
n
d
in
g
w
it
h
m
e
rc
u
ry
sp
h
yg
m
o
m
a
n
o
m
et
er
a
s
p
er
B
ri
ti
sh
H
yp
er
te
n
si
o
n
S
o
ci
et
y
gu
id
a
n
ce
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g:
a
d
e
q
u
a
te
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
,
re
d
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
,
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
,
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
6
0
/9
0
m
m
H
g
S
ys
to
lic
:
1
5
5
.1
(S
D
1
7
.3
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
5
8
.2
(S
D
1
6
.6
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
8
7
.4
(S
D
8
.6
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,9
0
.8
(S
D
1
0
.4
)
m
m
H
g
fo
rc
o
n
tr
o
l.
R
e
d
u
ct
io
n
in
sy
st
o
li
c:
−6
.8
(S
D
1
9
.9
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,−
3
.5
(S
D
2
0
.2
)
m
m
H
g
fo
rc
o
n
tr
o
l.
R
e
d
u
ct
io
n
in
d
ia
st
o
lic
:
−3
.7
(S
D
9
.5
)
m
m
H
g
fo
ri
n
te
rv
en
ti
o
n
,0
(S
D
1
1
.3
)m
m
H
g
fo
rc
o
n
tr
o
l.
A
n
ti
h
yp
er
te
n
si
ve
d
ru
g
s:
2
9
0
/3
4
5
fo
r
in
te
rv
e
n
ti
o
n
,
2
4
7
/3
3
8
fo
r
co
n
tr
o
l.
Ta
rg
e
t
b
lo
o
d
p
re
ss
u
re
:
1
2
5
/3
4
5
fo
r
in
te
rv
en
ti
o
n
,
2
2
/
3
3
8
fo
r
co
n
tr
o
l
G
u
e
rr
a
-
R
ic
ci
o
2
0
0
4
,4
S
a
o
P
a
u
lo
,B
ra
zi
l
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
w
it
h
h
yp
e
rt
en
si
o
n
a
tt
en
d
in
g
o
u
tp
a
ti
en
t
h
yp
e
rt
en
si
o
n
cl
in
ic
4
8
/5
2
N
u
rs
e
le
d
cl
in
ic
(s
ec
o
n
d
a
ry
ca
re
)
G
ro
u
p
1
:
vi
si
te
d
n
u
rs
e
cl
in
ic
ev
er
y
1
5
d
a
ys
fo
r
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
a
n
d
re
in
fo
rc
em
en
to
fa
d
h
er
en
ce
to
th
e
ra
p
y,
p
lu
s
u
su
al
th
re
e
m
o
n
th
ly
p
h
ys
ic
ia
n
ca
re
.G
ro
u
p
2
:
vi
si
te
d
n
u
rs
e
cl
in
ic
e
ve
ry
9
0
d
a
ys
fo
r
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
e
n
t
a
n
d
re
in
fo
rc
em
en
to
fa
d
h
er
en
ce
to
th
e
ra
p
y,
p
lu
s
u
su
al
th
re
e
m
o
n
th
ly
p
h
ys
ic
ia
n
ca
re
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
th
re
e
ti
m
es
su
p
in
e
w
it
h
m
er
cu
ry
sp
h
yg
m
o
m
a
n
o
m
et
er
a
s
p
e
r
N
at
io
n
a
lC
o
m
m
it
te
e
o
n
D
et
ec
ti
o
n
,
Ev
a
lu
at
io
n
,
a
n
d
Tr
e
a
tm
en
t
o
f
H
ig
h
B
lo
o
d
P
re
ss
u
re
(f
if
th
re
p
o
rt
)
gu
id
a
n
ce
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(n
u
rs
es
a
n
d
p
a
rt
ic
ip
a
n
ts
n
o
t
b
li
n
d
e
d
)
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
R
ed
u
ct
io
n
in
sy
st
o
lic
:−
3
6
.0
(S
D
4
1
.6
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−1
7
.0
(S
D
2
8
.8
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:
−2
1
.0
(S
D
2
7
.7
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
−1
0
.0
(S
D
1
4
.4
)
m
m
H
g
fo
r
co
n
tr
o
l
RESEARCH
BMJ | ONLINE FIRST | bmj.com page 5 of 17
S
tu
d
y
a
n
d
se
tt
in
g
S
tu
d
y
ty
p
e
(d
u
ra
ti
o
n
)
P
a
rt
ic
ip
a
n
ts
S
a
m
p
le
si
ze
(i
n
te
rv
e
n
ti
o
n
/
co
n
tr
o
ls
)
S
u
b
g
ro
u
p
s
a
n
a
ly
se
d
In
te
rv
e
n
ti
o
n
s
Q
u
a
li
ty
ju
d
g
m
en
t*
O
u
tc
o
m
e
m
e
a
su
re
s
e
xt
ra
ct
e
d
†
R
e
su
lt
s
H
ill
2
0
0
3
,*
4
0
B
a
lt
im
o
re
,
U
S
A
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
3
6
m
o
n
th
s)
A
fr
ic
a
n
A
m
er
ic
a
n
m
e
n
a
g
ed
2
1
-5
4
w
it
h
b
lo
o
d
p
re
ss
u
re
>1
4
0
/9
0
m
m
H
g
1
2
5
/1
0
6
A
lg
o
ri
th
m
,
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
),
n
u
rs
e
p
re
sc
ri
b
in
g,
a
n
d
et
h
n
ic
it
y
G
ro
u
p
1
:
co
m
p
re
h
en
si
ve
in
d
iv
id
u
al
is
e
d
in
te
rv
en
ti
o
n
b
y
n
u
rs
e
p
ra
ct
it
io
n
e
r
co
m
m
u
n
it
y
h
ea
lt
h
w
o
rk
er
a
n
d
p
h
ys
ic
ia
n
.
N
u
rs
e
p
ra
ct
it
io
n
e
r
w
a
s
vi
si
te
d
ev
e
ry
1
-3
m
o
n
th
s
a
n
d
tr
e
a
tm
en
t
ch
a
n
ge
d
a
cc
o
rd
in
g
to
p
ro
to
co
lb
a
se
d
o
n
N
a
ti
o
n
a
l
C
o
m
m
it
te
e
o
n
D
et
e
ct
io
n
,
Ev
a
lu
at
io
n
,
a
n
d
Tr
ea
tm
en
t
o
f
H
ig
h
B
lo
o
d
P
re
ss
u
re
(s
ix
th
re
p
o
rt
)
gu
id
el
in
e
s.
G
ro
u
p
2
:
re
fe
rr
e
d
to
so
u
rc
es
o
fh
yp
er
te
n
si
o
n
ca
re
in
co
m
m
u
n
it
y.
B
o
th
g
ro
u
p
s
re
ce
iv
ed
te
le
p
h
o
n
e
re
m
in
d
er
s
ev
er
y
si
x
m
o
n
th
s
a
n
d
a
n
n
u
al
fa
ce
to
fa
ce
re
m
in
d
er
s
o
f
im
p
o
rt
a
n
ce
o
f
h
yp
er
te
n
si
o
n
co
n
tr
o
l,
a
n
d
ed
u
ca
ti
o
n
a
b
o
u
t
b
e
n
e
fi
ts
.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
u
si
n
g
ra
n
d
o
m
ze
ro
sp
h
yg
m
o
m
a
n
o
m
et
er
th
re
e
ti
m
es
a
to
n
e
m
in
u
te
in
te
rv
a
ls
a
ft
er
fi
ve
m
in
u
te
s
se
a
te
d
.
M
ea
n
o
f
se
co
n
d
a
n
d
th
ir
d
m
ea
su
re
m
en
ts
re
co
rd
e
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
lin
d
in
g
a
d
e
q
u
a
te
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
,
re
d
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
,
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
4
0
/
9
0
m
m
H
g
S
ys
to
lic
:
1
3
9
.3
(S
D
2
2
.2
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
5
0
.9
(S
D
2
5
.0
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
8
9
.3
(S
D
1
5
.8
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
9
4
.8
(S
D
1
8
.6
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
sy
st
o
lic
:
−7
.5
(S
D
2
2
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
3
.4
(S
D
2
5
.0
)m
m
H
g
fo
rc
o
n
tr
o
l.
R
ed
u
ct
io
n
in
d
ia
st
o
li
c
−1
0
.1
(S
D
1
5
.8
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
−3
.7
(S
D
1
8
.6
)
m
m
H
g
fo
rc
o
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
5
5
/1
2
5
fo
r
in
te
rv
e
n
ti
o
n
,
3
3
/1
0
6
fo
r
co
n
tr
o
l
Je
w
el
l1
9
8
8
,3
8
S
o
u
th
a
m
p
to
n
,
En
gl
a
n
d
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
P
a
ti
en
ts
a
ge
d
3
0
-6
4
w
it
h
n
e
w
(d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
>1
0
0
m
m
H
g
a
ge
d
3
0
-3
9
o
r
>1
0
5
m
m
H
g
a
g
ed
>4
0
)
o
r
u
n
co
n
tr
o
lle
d
h
yp
e
rt
en
si
o
n
(d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
>9
5
m
m
H
g
a
ft
e
r
th
re
e
re
a
d
in
gs
w
h
il
e
re
ce
iv
in
g
tr
ea
tm
en
t)
1
5
/1
9
A
lg
o
ri
th
m
a
n
d
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
N
u
rs
e
cl
in
ic
w
it
h
1
5
m
in
u
te
a
p
p
o
in
tm
en
ts
co
m
p
a
re
d
w
it
h
u
su
al
ge
n
er
a
lp
ra
ct
it
io
n
e
rs
’
1
0
m
in
u
te
a
p
p
o
in
tm
e
n
ts
,
im
p
le
m
e
n
ti
n
g
co
m
m
o
n
p
ro
to
co
l.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
u
si
n
g
ra
n
d
o
m
ze
ro
sp
h
yg
m
o
m
a
n
o
m
et
er
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
in
a
d
eq
u
at
e
(n
o
t
co
n
ce
a
le
d
),
b
li
n
d
in
g
in
a
d
eq
u
a
te
(n
u
rs
e
a
n
d
d
o
ct
o
r
n
o
t
b
li
n
d
e
d
)
Ta
rg
et
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
≤9
0
m
m
H
g
1
0
/1
5
fo
r
in
te
rv
en
ti
o
n
,
1
2
/1
9
fo
r
co
n
tr
o
l
Ji
a
n
g
2
0
0
7
,*
3
3
C
h
en
gd
u
,
C
h
in
a
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
a
d
m
it
te
d
to
te
rt
ia
ry
m
ed
ic
a
l
ce
n
tr
e
s
w
it
h
a
n
gi
n
a
o
r
m
yo
ca
rd
ia
li
n
fa
rc
ti
o
n
8
3
/8
4
C
o
m
m
u
n
it
y
m
o
n
it
o
ri
n
g
a
n
d
et
h
n
ic
it
y
1
2
w
ee
k
h
o
m
e
d
e
liv
er
ed
ca
rd
ia
c
re
h
a
b
il
it
a
ti
o
n
p
ro
gr
a
m
m
e
b
a
se
d
o
n
A
m
e
ri
ca
n
H
ea
rt
A
ss
o
ci
a
ti
o
n
2
0
0
0
se
co
n
d
a
ry
p
re
ve
n
ti
o
n
gu
id
el
in
e
s
se
tt
in
g
go
a
ls
fo
r
a
ct
iv
it
y,
d
ie
t,
a
n
d
b
lo
o
d
p
re
ss
u
re
<1
4
0
/
9
0
m
m
H
g.
M
e
th
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
n
o
t
d
e
sc
ri
b
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
a
d
eq
u
at
e
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
1
2
9
.8
(S
D
1
2
.1
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
0
.7
(S
D
1
5
.0
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
7
8
.3
(S
D
8
.6
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
7
9
.4
(S
D
9
.9
)
m
m
H
g
fo
r
co
n
tr
o
l
Jo
lly
1
9
9
9
,*
2
0
S
o
u
th
a
m
p
to
n
,
En
gl
a
n
d
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
p
ra
ct
ic
e
le
ve
l(
1
2
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
w
it
h
d
ia
g
n
o
si
s
o
f
a
n
gi
n
a
o
r
m
yo
ca
rd
ia
li
n
fa
rc
ti
o
n
in
d
is
tr
ic
t
ge
n
er
a
l
h
o
sp
it
a
ls
3
3
/3
4
cl
u
st
e
rs
,
2
7
7
/
3
2
0
p
a
rt
ic
ip
a
n
ts
N
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
S
tr
u
ct
u
re
d
fo
llo
w
-u
p
b
y
p
ra
ct
ic
e
n
u
rs
e
s,
tr
a
in
ed
a
n
d
g
iv
e
n
o
n
go
in
g
te
le
p
h
o
n
e
su
p
p
o
rt
b
y
sp
ec
ia
li
st
ca
rd
ia
c
lia
is
o
n
n
u
rs
es
.
M
et
h
o
d
o
fb
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
e
n
tn
o
t
d
es
cr
ib
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
u
n
cl
ea
r
(n
o
t
cl
ea
r
if
re
se
a
rc
h
n
u
rs
e
a
w
a
re
o
f
a
ll
o
ca
ti
o
n
st
a
tu
s)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
S
ys
to
lic
:
1
3
6
.9
(S
D
1
9
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
1
9
.1
(S
D
2
1
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
8
3
.7
(S
D
1
3
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
8
5
.0
(S
D
1
4
)
m
m
H
g
fo
rc
o
n
tr
o
l.
A
n
ti
h
yp
er
te
n
si
ve
d
ru
g
s:
2
1
0
/2
6
2
fo
r
in
te
rv
e
n
ti
o
n
,
2
3
0
/2
9
7
fo
r
co
n
tr
o
l
K
a
st
a
ri
n
en
2
0
0
2
,4
1
ea
st
e
rn
Fi
n
la
n
d
O
p
en
ra
n
d
o
m
is
ed
co
n
tr
o
ll
ed
tr
ia
l(
tw
o
ye
a
rs
)
A
d
u
lt
s
a
ge
d
2
5
-7
4
w
it
h
sy
st
o
lic
b
lo
o
d
p
re
ss
u
re
1
4
0
-1
7
9
m
m
H
g
o
r
d
ia
st
o
lic
9
0
-1
0
9
m
m
H
g
o
r
ta
ki
n
g
a
n
ti
h
yp
e
rt
e
n
si
ve
d
ru
gs
G
ro
u
p
1
,
1
7
5
/1
6
6
;
gr
o
u
p
2
,
1
8
5
/1
8
9
N
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
V
is
it
s
to
lo
ca
lp
u
b
lic
h
ea
lt
h
n
u
rs
es
a
t1
,3
,6
,
9
,
1
5
,
1
8
,
a
n
d
2
1
m
o
n
th
s
a
ft
e
r
ra
n
d
o
m
is
a
ti
o
n
,f
o
rs
ys
te
m
a
ti
c
in
st
ru
ct
io
n
in
to
ch
a
n
ge
o
f
in
d
iv
id
u
al
h
ea
lt
h
b
eh
av
io
u
rs
,
w
it
h
m
ea
su
re
m
e
n
t
o
f
b
lo
o
d
p
re
ss
u
re
a
n
d
w
ei
gh
t.
P
lu
s
tw
o
gr
o
u
p
se
ss
io
n
s
a
t
si
x
a
n
d
1
8
m
o
n
th
s
ta
rg
e
ti
n
g
re
d
u
ct
io
n
in
sa
lt
in
ta
ke
a
n
d
w
e
ig
h
t.
G
ro
u
p
1
:
a
n
ti
h
yp
er
te
n
si
ve
tr
ea
tm
e
n
tc
o
m
p
a
re
d
w
it
h
u
su
a
lc
a
re
.G
ro
u
p
2
:n
o
a
n
ti
h
yp
er
te
n
si
ve
tr
ea
tm
e
n
t
co
m
p
a
re
d
w
it
h
u
su
a
lc
a
re
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
tw
ic
e
in
ri
g
h
t
a
rm
w
it
h
m
er
cu
ry
sp
h
yg
m
o
m
a
n
o
m
et
er
a
cc
o
rd
in
g
to
W
H
O
M
O
N
IC
A
p
ro
to
co
l
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
in
a
d
eq
u
at
e
,
o
p
en
a
ll
o
ca
ti
o
n
,
b
lin
d
in
g:
in
a
d
eq
u
a
te
(o
p
en
st
u
d
y)
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
gr
o
u
p
1
,
−6
.0
(S
D
1
7
.3
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−4
.7
(S
D
1
4
.0
)
m
m
H
g
fo
r
co
n
tr
o
l;
gr
o
u
p
2
,−
2
.0
(S
D
1
1
.5
)
m
m
H
g
fo
ri
n
te
rv
en
ti
o
n
,0
.4
(S
D
1
0
.8
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
g
ro
u
p
1
,−
3
.8
(S
D
8
.7
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−3
.7
(S
D
8
.1
)
m
m
H
g
fo
r
co
n
tr
o
l;
gr
o
u
p
2
,
−2
.4
(S
D
6
.7
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−0
.4
(S
D
6
.6
)
m
m
H
g
fo
r
co
n
tr
o
l
K
o
2
0
0
4
,*
4
6
H
o
n
g
K
o
n
g
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
P
eo
p
le
w
it
h
ty
p
e
2
d
ia
b
e
te
s
a
n
d
h
ae
m
o
gl
o
b
in
A
1
c
>8
%
,
9
0
/8
8
N
u
rs
e
le
d
cl
in
ic
(s
ec
o
n
d
a
ry
ca
re
)
a
n
d
et
h
n
ic
it
y
Th
ir
ty
m
in
u
te
ed
u
ca
ti
o
n
a
ls
es
si
o
n
s
d
el
iv
e
re
d
b
y
d
ia
b
et
es
e
d
u
ca
ti
o
n
n
u
rs
e
s
d
ir
ec
tl
y
a
ft
er
e
a
ch
p
h
ys
ic
ia
n
a
p
p
o
in
tm
e
n
t,
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
S
ys
to
lic
:1
3
9
(S
D
2
1
)m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
8
(S
D
1
9
)
m
m
H
g
fo
rc
o
n
tr
o
l.
D
ia
st
o
lic
:7
6
(S
D
RESEARCH
page 6 of 17 BMJ | ONLINE FIRST | bmj.com
S
tu
d
y
a
n
d
se
tt
in
g
S
tu
d
y
ty
p
e
(d
u
ra
ti
o
n
)
P
a
rt
ic
ip
a
n
ts
S
a
m
p
le
si
ze
(i
n
te
rv
e
n
ti
o
n
/
co
n
tr
o
ls
)
S
u
b
g
ro
u
p
s
a
n
a
ly
se
d
In
te
rv
e
n
ti
o
n
s
Q
u
a
li
ty
ju
d
g
m
en
t*
O
u
tc
o
m
e
m
e
a
su
re
s
e
xt
ra
ct
e
d
†
R
e
su
lt
s
re
cr
u
it
e
d
fr
o
m
th
re
e
re
gi
o
n
a
ld
ia
b
e
te
s
ce
n
tr
e
s
w
it
h
fi
ve
vi
si
ts
p
er
p
a
rt
ic
ip
a
n
t
d
u
ri
n
g
st
u
d
y
p
er
io
d
.M
et
h
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
n
o
t
d
e
sc
ri
b
ed
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
lin
d
in
g
a
d
e
q
u
a
te
1
1
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
7
7
(S
D
1
0
)
m
m
H
g
fo
r
co
n
tr
o
l.
A
n
ti
h
yp
e
rt
e
n
si
ve
d
ru
gs
:
6
1
/9
0
fo
r
in
te
rv
en
ti
o
n
,
6
0
/8
8
fo
r
co
n
tr
o
l
Le
e
2
0
0
7
,*
3
4
Ta
iw
a
n
,
C
h
in
a
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
eo
p
le
a
ge
d
≥6
0
w
it
h
kn
o
w
n
h
yp
e
rt
e
n
si
o
n
(d
ef
in
e
d
a
s
sy
st
o
li
c
b
lo
o
d
p
re
ss
u
re
1
4
0
-
1
7
9
m
m
H
g
)
9
1
/9
3
C
o
m
m
u
n
it
y
m
o
n
it
o
ri
n
g
a
n
d
et
h
n
ic
it
y
C
o
m
m
u
n
it
y
b
a
se
d
w
a
lk
in
g
in
te
rv
e
n
ti
o
n
d
el
iv
e
re
d
b
y
p
u
b
lic
h
ea
lt
h
n
u
rs
e
,w
it
h
te
le
p
h
o
n
e
a
n
d
fa
ce
to
fa
ce
su
p
p
o
rt
,
to
m
o
ti
va
te
fr
e
q
u
e
n
cy
a
n
d
ti
m
e
sp
en
tw
a
lk
in
g.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
th
re
e
ti
m
es
w
it
h
m
er
cu
ry
sp
h
yg
m
o
m
a
n
o
m
et
er
a
s
p
e
r
N
at
io
n
a
lC
o
m
m
it
te
e
o
n
D
et
ec
ti
o
n
,
Ev
a
lu
at
io
n
,
a
n
d
Tr
e
a
tm
en
t
o
f
H
ig
h
B
lo
o
d
P
re
ss
u
re
(f
if
th
re
p
o
rt
)
gu
id
a
n
ce
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
a
d
eq
u
at
e
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
re
d
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
1
3
6
.2
(S
D
1
6
.7
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
4
3
.6
(S
D
1
5
.3
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
7
6
.7
(S
D
1
2
.3
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
7
5
.7
(S
D
1
1
.6
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
sy
st
o
lic
:−
1
5
.4
(S
D
9
.5
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−8
.4
(S
D
1
5
.8
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:
−6
.5
(S
D
9
.5
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
, −
4
.7
(S
D
8
.5
)
m
m
H
g
fo
r
co
n
tr
o
l
Li
ta
ke
r
2
0
0
3
,4
7
C
le
ve
la
n
d
,
O
h
io
,U
S
A
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
P
eo
p
le
w
it
h
ty
p
e
2
d
ia
b
e
te
s
a
n
d
es
ta
b
li
sh
ed
h
yp
e
rt
en
si
o
n
(d
ef
in
e
d
a
s
st
a
ge
1
o
r
2
,
JN
C
1
9
9
3
gu
id
e
lin
es
)
re
cr
u
it
e
d
fr
o
m
te
rt
ia
ry
ce
n
tr
e
7
9
/7
8
A
lg
o
ri
th
m
,
n
u
rs
e
le
d
cl
in
ic
(s
ec
o
n
d
a
ry
ca
re
),
a
n
d
n
u
rs
e
p
re
sc
ri
b
in
g
N
u
rs
e
p
ra
ct
it
io
n
e
r
ru
n
cl
in
ic
s
in
h
o
sp
it
a
l
u
si
n
g
tr
ea
tm
e
n
t
a
lg
o
ri
th
m
s
b
a
se
d
o
n
gu
id
a
n
ce
fr
o
m
A
m
e
ri
ca
n
D
ia
b
et
e
s
A
ss
o
ci
a
ti
o
n
a
n
d
fo
r
b
lo
o
d
p
re
ss
u
re
,
N
at
io
n
a
lC
o
m
m
it
te
e
o
n
D
et
ec
ti
o
n
,
Ev
a
lu
at
io
n
,
a
n
d
Tr
e
a
tm
en
t
o
f
H
ig
h
B
lo
o
d
P
re
ss
u
re
(1
9
9
7
)a
n
d
U
K
P
D
S
(1
9
9
8
).
M
et
h
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
n
o
t
d
es
cr
ib
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g
in
a
d
eq
u
a
te
(p
a
rt
ic
ip
a
n
ts
a
n
d
n
u
rs
es
n
o
t
b
lin
d
ed
)
B
lo
o
d
p
re
ss
u
re
ta
rg
e
t
1
3
0
/
8
5
m
m
H
g
9
/7
9
fo
r
in
te
rv
en
ti
o
n
,
8
/7
8
fo
r
co
n
tr
o
l
Lo
ga
n
1
9
7
9
,3
5
To
ro
n
to
,
C
a
n
a
d
a
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
a
ge
d
1
8
-
6
9
w
it
h
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
≥9
5
o
r
9
0
-
9
4
m
m
H
g
w
it
h
sy
st
o
lic
b
lo
o
d
p
re
ss
u
re
>1
4
0
m
m
H
g
n
o
t
re
ce
iv
in
g
tr
ea
tm
e
n
t,
se
le
ct
ed
fr
o
m
vo
lu
n
ta
ry
w
o
rk
p
la
ce
b
a
se
d
sc
re
e
n
in
g
2
0
6
/2
0
4
A
lg
o
ri
th
m
,
co
m
m
u
n
it
y
m
o
n
it
o
ri
n
g,
a
n
d
n
u
rs
e
p
re
sc
ri
b
in
g
N
u
rs
e
s
in
w
o
rk
p
la
ce
m
a
n
a
ge
d
b
lo
o
d
p
re
ss
u
re
a
cc
o
rd
in
g
to
st
ru
ct
u
re
d
p
ro
to
co
l
w
it
h
tr
ea
tm
en
t
a
lg
o
ri
th
m
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
th
re
e
ti
m
e
s
a
ft
er
fi
ve
m
in
u
te
s
se
a
te
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
lin
d
in
g
a
d
e
q
u
a
te
D
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
,
re
d
u
ct
io
n
in
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
,
b
lo
o
d
p
re
ss
u
re
ta
rg
et
(d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
<9
0
o
r
>5
m
m
H
g
fa
ll
if
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
≤9
5
a
t
e
n
tr
y)
,a
n
d
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
D
ia
st
o
li
c:
9
0
.3
(S
D
7
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
9
4
.3
(S
D
8
.6
)
m
m
H
g
fo
rc
o
n
tr
o
l.
R
e
d
u
ct
io
n
in
d
ia
st
o
lic
:
−9
.9
(S
D
8
.6
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−6
.1
(S
D
8
.6
)
m
m
H
g
fo
rc
o
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
1
0
0
/2
0
6
fo
r
in
te
rv
e
n
ti
o
n
,
5
6
/2
0
4
fo
r
co
n
tr
o
l.
A
n
ti
h
yp
e
rt
en
si
ve
d
ru
g
s:
1
7
7
/2
0
6
fo
r
in
te
rv
e
n
ti
o
n
,
1
0
8
/2
0
4
fo
r
co
n
tr
o
l
M
cH
u
gh
2
0
0
1
,
5
0
G
la
sg
o
w
,S
co
tl
a
n
d
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
m
ea
n
e
ig
h
t
m
o
n
th
s)
P
a
ti
en
ts
a
d
d
e
d
to
co
ro
n
a
ry
a
rt
er
y
b
yp
a
ss
w
a
it
in
g
li
st
4
9
/4
9
N
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
),
co
m
m
u
n
it
y
m
o
n
it
o
ri
n
g
M
o
n
th
ly
h
ea
lt
h
ed
u
ca
ti
o
n
se
ss
io
n
s
d
el
iv
e
re
d
a
lt
er
n
a
te
ly
a
t
h
o
m
e
b
y
ca
rd
ia
c
li
a
is
o
n
n
u
rs
es
a
n
d
in
ge
n
e
ra
lp
ra
ct
ic
es
b
y
p
ra
ct
ic
e
n
u
rs
es
.M
u
lt
ip
le
ri
sk
fa
ct
o
rs
a
d
d
re
ss
ed
w
it
h
b
e
h
a
vi
o
u
ra
lc
h
a
n
ge
m
o
d
el
s
a
n
d
b
lo
o
d
p
re
ss
u
re
a
ss
es
se
d
a
ga
in
st
Jo
in
t
B
ri
ti
sh
S
o
ci
e
ti
es
gu
id
e
lin
es
(1
9
9
8
)
w
it
h
re
fe
re
n
ce
to
ge
n
er
a
lp
ra
ct
it
io
n
er
if
ch
a
n
ge
to
tr
ea
tm
e
n
t
n
e
ed
ed
.M
ea
n
o
f
tw
o
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
ts
re
co
rd
ed
in
a
cc
o
rd
a
n
ce
w
it
h
B
ri
ti
sh
H
ea
rt
S
o
ci
e
ty
gu
id
e
lin
es
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g
in
a
d
eq
u
a
te
(p
ra
ct
ic
es
in
vi
te
d
to
d
el
iv
er
in
te
rv
en
ti
o
n
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
sy
st
o
li
c
b
lo
o
d
p
re
ss
u
re
ta
rg
e
t<
1
4
0
m
m
H
g
S
ys
to
lic
:
1
2
6
.2
(S
D
1
3
.5
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
8
.9
(S
D
1
6
.5
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
6
9
.2
(S
D
8
.5
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,7
4
.6
(S
D
1
0
.7
)
m
m
H
g
fo
rc
o
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
3
6
/4
9
fo
r
in
te
rv
e
n
ti
o
n
,
2
2
/4
9
fo
r
co
n
tr
o
l
M
cL
e
a
n
2
0
0
8
,3
6
Ed
m
o
n
to
n
,
A
lb
er
ta
,
C
a
n
a
d
a
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
2
4
w
e
ek
s)
A
d
u
lt
s
a
g
ed
≥1
8
w
it
h
ty
p
e
1
o
r
ty
p
e
2
d
ia
b
e
te
s
a
n
d
b
lo
o
d
p
re
ss
u
re
>1
3
0
/8
0
m
m
H
g
a
t
tw
o
vi
si
ts
tw
o
w
e
ek
s
a
p
a
rt
1
1
5
/1
1
2
C
o
m
m
u
n
it
y
m
o
n
it
o
ri
n
g
N
u
rs
e
a
n
d
p
h
a
rm
a
ci
st
te
a
m
s
a
tp
h
ar
m
a
ci
e
s
d
el
iv
e
re
d
ca
rd
io
va
sc
u
la
r
ri
sk
re
d
u
ct
io
n
ed
u
ca
ti
o
n
w
it
h
d
o
cu
m
en
ta
ti
o
n
o
f
b
lo
o
d
p
re
ss
u
re
a
n
d
su
p
p
o
rt
m
a
te
ri
a
ls
.B
lo
o
d
p
re
ss
u
re
re
a
d
in
gs
a
n
d
su
gg
e
st
io
n
s
fo
r
ch
a
n
ge
a
cc
o
rd
in
g
to
C
a
n
a
d
ia
n
h
yp
e
rt
e
n
si
o
n
ed
u
ca
ti
o
n
p
ro
gr
a
m
m
e
gu
id
e
lin
es
fa
xe
d
to
p
ri
m
a
ry
ca
re
p
h
ys
ic
ia
n
,
a
n
d
p
a
rt
ic
ip
a
n
ts
en
co
u
ra
ge
d
to
se
e
p
h
ys
ic
ia
n
.P
a
rt
ic
ip
a
n
ts
w
e
re
se
e
n
b
y
n
u
rs
e
-
p
h
ar
m
a
ci
st
te
a
m
e
ve
ry
si
x
w
ee
ks
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
b
y
B
p
-T
ru
m
o
n
it
o
r
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(n
o
t
b
lin
d
e
d
)
R
ed
u
ct
io
n
in
sy
st
o
li
c
b
lo
o
d
p
re
ss
u
re
,
u
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
,
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
3
0
/8
0
m
m
H
g
R
ed
u
ct
io
n
in
sy
st
o
lic
:−
1
0
.1
(S
D
2
1
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−5
.0
(S
D
2
1
.9
)
m
m
H
g
fo
r
co
n
tr
o
l.
A
n
ti
h
yp
e
rt
en
si
ve
d
ru
g
s:
7
6
/1
1
5
fo
ri
n
te
rv
en
ti
o
n
,
8
1
/1
1
2
fo
r
co
n
tr
o
l.
B
lo
o
d
p
re
ss
u
re
ta
rg
e
t:
5
4
/1
1
5
fo
r
in
te
rv
e
n
ti
o
n
,
3
7
/1
1
2
fo
r
co
n
tr
o
l
RESEARCH
BMJ | ONLINE FIRST | bmj.com page 7 of 17
S
tu
d
y
a
n
d
se
tt
in
g
S
tu
d
y
ty
p
e
(d
u
ra
ti
o
n
)
P
a
rt
ic
ip
a
n
ts
S
a
m
p
le
si
ze
(i
n
te
rv
e
n
ti
o
n
/
co
n
tr
o
ls
)
S
u
b
g
ro
u
p
s
a
n
a
ly
se
d
In
te
rv
e
n
ti
o
n
s
Q
u
a
li
ty
ju
d
g
m
en
t*
O
u
tc
o
m
e
m
e
a
su
re
s
e
xt
ra
ct
e
d
†
R
e
su
lt
s
(C
o
q
u
it
la
m
,
C
a
n
a
d
a
)
a
s
m
ea
n
o
f
fi
ve
re
a
d
in
gs
ta
ke
n
o
n
e
m
in
u
te
a
p
a
rt
M
o
h
e
r
2
0
0
1
,2
1
2
1
g
en
er
a
lp
ra
ct
ic
e
s
in
W
a
rw
ic
ks
h
ir
e
,
En
gl
a
n
d
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
p
ra
ct
ic
e
le
ve
l(
1
8
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
a
ge
d
5
5
-
7
5
w
it
h
es
ta
b
li
sh
ed
co
ro
n
a
ry
h
ea
rt
d
is
e
a
se
id
en
ti
fi
ed
fr
o
m
p
ra
ct
ic
e
re
co
rd
s
7
/7
cl
u
st
e
rs
,
6
6
5
/5
5
9
p
a
rt
ic
ip
a
n
ts
A
lg
o
ri
th
m
,
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
G
ro
u
p
1
:
p
a
ti
en
ts
re
ca
ll
ed
to
n
u
rs
e
cl
in
ic
ru
n
n
in
g
a
gr
ee
d
se
co
n
d
a
ry
p
re
ve
n
ti
o
n
p
ro
to
co
ls
.N
u
rs
e
s
su
p
p
o
rt
ed
b
y
n
u
rs
e
fa
ci
lit
a
to
r.
G
ro
u
p
2
:
ge
n
e
ra
lp
ra
ct
it
io
n
er
s
a
gr
ee
d
se
co
n
d
a
ry
p
re
ve
n
ti
o
n
g
u
id
el
in
es
su
p
p
o
rt
ed
b
y
in
ve
st
ig
a
to
r
(n
o
t
ex
tr
a
ct
ed
),
G
ro
u
p
3
:
u
su
a
lc
a
re
;
p
ra
ct
ic
es
re
ce
iv
ed
n
o
fu
rt
h
er
su
p
p
o
rt
a
ft
er
a
u
d
it
fe
ed
b
a
ck
.
M
et
h
o
d
o
fb
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
e
n
tn
o
t
d
es
cr
ib
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(p
ra
ct
ic
es
co
u
ld
n
o
t
b
e
b
lin
d
e
d
)
U
se
o
f
a
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
6
0
/1
0
0
m
m
H
g
A
n
ti
h
yp
e
rt
e
n
si
ve
d
ru
gs
:
4
3
9
/
6
6
5
fo
r
in
te
rv
en
ti
o
n
,3
9
1
/5
5
9
fo
r
co
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
5
5
5
/6
4
1
fo
r
in
te
rv
e
n
ti
o
n
,
3
9
4
/4
7
8
fo
r
co
n
tr
o
l(
gr
o
u
p
1
in
te
rv
e
n
ti
o
n
co
m
p
a
re
d
w
it
h
gr
o
u
p
3
u
su
al
ca
re
)
M
u
n
d
in
ge
r2
0
0
0
*4
2
N
ew
Yo
rk
,
U
S
A
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
H
yp
e
rt
e
n
si
ve
su
b
gr
o
u
p
in
st
u
d
y
o
f
n
u
rs
e
p
ra
ct
it
io
n
er
co
m
p
a
re
d
w
it
h
p
h
ys
ic
ia
n
ru
n
p
ri
m
a
ry
ca
re
cl
in
ic
s
2
1
1
/1
4
5
N
o
t
in
cl
u
d
e
d
in
m
e
ta
-
a
n
a
ly
se
s
A
ll
o
ca
ti
o
n
to
u
su
al
n
u
rs
e
p
ra
ct
it
io
n
er
o
r
u
su
al
fa
m
ily
p
h
ys
ic
ia
n
ca
re
.M
e
th
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
tn
o
td
e
sc
ri
b
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
u
n
cl
ea
ri
fn
u
rs
es
w
er
e
b
lin
d
ed
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
1
3
7
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
9
m
m
H
g
fo
r
co
n
tr
o
l(
n
o
st
a
n
d
a
rd
d
ev
ia
ti
o
n
re
p
o
rt
e
d
).
D
ia
st
o
lic
:
8
2
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
8
5
m
m
H
g
fo
r
co
n
tr
o
l(
n
o
st
a
n
d
a
rd
d
ev
ia
ti
o
n
re
p
o
rt
e
d
)
N
ew
2
0
0
3
*4
8
S
a
lf
o
rd
,
En
gl
a
n
d
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
P
eo
p
le
w
it
h
d
ia
b
et
es
re
cr
u
it
e
d
a
t
a
n
n
u
a
l
h
o
sp
it
a
lr
e
vi
ew
,i
fb
lo
o
d
p
re
ss
u
re
≥1
4
0
o
r
≥8
0
m
m
H
g
5
0
6
/5
0
8
A
lg
o
ri
th
m
,
n
u
rs
e
le
d
cl
in
ic
(s
ec
o
n
d
a
ry
ca
re
),
a
n
d
n
u
rs
e
p
re
sc
ri
b
in
g
S
p
e
ci
a
lis
t
n
u
rs
e
cl
in
ic
s
a
tt
en
d
ed
ev
e
ry
fo
u
r
to
si
x
w
e
ek
s
u
n
ti
lt
a
rg
et
a
ch
ie
ve
d
;a
d
vi
ce
o
n
li
fe
st
yl
e
g
iv
e
n
,
a
n
d
tr
ea
tm
en
t
ch
a
n
ge
s
b
y
p
ro
to
co
li
n
a
cc
o
rd
a
n
ce
w
it
h
B
ri
ti
sh
H
ea
rt
S
o
ci
e
ty
1
9
9
9
gu
id
e
lin
es
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
th
re
e
ti
m
e
s
a
t
o
n
e
m
in
u
te
in
te
rv
a
ls
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r(
H
EM
-7
0
5
C
P
O
m
ro
n
,J
a
p
a
n
).
M
ea
n
o
fl
a
st
tw
o
re
a
d
in
g
s
re
co
rd
e
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
a
d
eq
u
at
e
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
4
0
/8
0
m
m
H
g
R
ed
u
ct
io
n
in
sy
st
o
lic
:
−2
.0
(S
D
2
9
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
co
n
tr
o
ln
o
tr
ep
o
rt
ed
.R
ed
u
ct
io
n
in
d
ia
st
o
li
c:
−0
.8
(S
D
1
6
.0
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
co
n
tr
o
ln
o
t
re
p
o
rt
e
d
.T
a
rg
e
t
b
lo
o
d
p
re
ss
u
re
:
3
1
5
/5
0
6
fo
r
in
te
rv
e
n
ti
o
n
,
2
6
1
/5
0
8
fo
r
co
n
tr
o
l
N
ew
2
0
0
4
*2
2
S
a
lf
o
rd
,
En
gl
a
n
d
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
p
ra
ct
ic
e
le
ve
l(
1
2
m
o
n
th
s)
P
eo
p
le
w
it
h
d
ia
b
et
es
a
n
d
b
lo
o
d
p
re
ss
u
re
>1
4
0
/8
0
m
m
H
g
2
4
7
4
/2
5
3
1
A
lg
o
ri
th
m
a
n
d
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
P
ra
ct
ic
e
n
u
rs
e
s
a
n
d
g
en
er
a
lp
ra
ct
it
io
n
er
s
vi
si
te
d
b
y
sp
ec
ia
lis
t
d
ia
b
et
es
ca
re
n
u
rs
es
,
w
it
h
su
p
p
o
rt
m
a
te
ri
a
ls
to
re
fr
es
h
lo
ca
l
d
ia
b
et
es
p
ro
to
co
ls
a
n
d
ta
rg
et
s,
a
n
d
li
st
o
f
p
a
ti
en
t
p
o
o
rl
y
co
n
tr
o
lle
d
a
t
la
st
a
n
n
u
al
re
vi
ew
.M
et
h
o
d
o
f
b
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
en
t
n
o
t
d
e
sc
ri
b
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
a
d
eq
u
at
e
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
4
0
/8
0
m
m
H
g
R
ed
u
ct
io
n
in
sy
st
o
lic
:
−0
.2
(S
D
3
4
.3
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
co
n
tr
o
ln
o
tr
ep
o
rt
ed
.R
ed
u
ct
io
n
in
d
ia
st
o
li
c:
−0
.1
(S
D
1
1
.4
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
co
n
tr
o
ln
o
t
re
p
o
rt
e
d
.T
a
rg
e
t
b
lo
o
d
p
re
ss
u
re
:
1
1
9
2
/2
4
7
4
fo
r
in
te
rv
e
n
ti
o
n
,
1
2
1
2
/2
5
3
1
fo
r
co
n
tr
o
l
O
’H
ar
e
2
0
0
4
,2
3
W
es
t
M
id
la
n
d
s,
En
gl
a
n
d
C
lu
st
e
r
ra
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l;
ra
n
d
o
m
is
e
d
a
t
p
ra
ct
ic
e
le
ve
l(
1
2
m
o
n
th
s)
S
o
u
th
A
si
a
n
p
eo
p
le
w
it
h
ty
p
e
2
d
ia
b
et
es
a
n
d
ei
th
er
ra
is
ed
b
lo
o
d
p
re
ss
u
re
(>
1
4
0
o
r
>8
0
m
m
H
g
)
o
r
h
ae
m
o
gl
o
b
in
A
1
c
>7
o
r
to
ta
lc
h
o
le
st
er
o
l>
5
.0
3
/3
cl
u
st
e
r,
1
6
5
/1
6
0
p
a
rt
ic
ip
a
n
ts
A
lg
o
ri
th
m
a
n
d
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
En
h
a
n
ce
d
ca
re
w
it
h
A
si
a
n
lin
k
w
o
rk
e
rs
,
a
n
a
d
d
it
io
n
a
lp
ra
ct
ic
e
n
u
rs
e
se
ss
io
n
p
e
rw
ee
k,
a
n
d
co
m
m
u
n
it
y
d
ia
b
et
ic
n
u
rs
e
su
p
p
o
rt
w
o
rk
in
g
to
lo
ca
lp
ro
to
co
ls
.M
et
h
o
d
o
fb
lo
o
d
p
re
ss
u
re
m
e
a
su
re
m
e
n
t
n
o
t
d
e
sc
ri
b
e
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(p
ra
ct
ic
e
n
o
t
b
li
n
d
e
d
)
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
a
n
d
u
se
o
fa
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
R
ed
u
ct
io
n
in
sy
st
o
lic
:
−6
.7
(S
D
2
1
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−2
.1
(S
D
1
7
.5
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:
−3
.1
(S
D
1
0
.6
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,0
.3
(S
D
1
0
.0
)
m
m
H
g
fo
rc
o
n
tr
o
l.
A
n
ti
h
yp
er
te
n
si
ve
d
ru
g
s:
5
6
/1
6
5
fo
ri
n
te
rv
en
ti
o
n
,
4
0
/1
6
0
fo
r
co
n
tr
o
l
R
u
d
d
2
0
0
4
*3
0
S
ta
n
fo
rd
,
C
a
li
fo
rn
ia
,
U
S
A
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
w
it
h
m
ea
n
b
lo
o
d
p
re
ss
u
re
≥1
5
0
/
9
5
m
m
H
g
a
ft
er
tw
o
sc
re
e
n
in
g
vi
si
ts
a
t
le
a
st
o
n
e
w
ee
k
a
p
a
rt
6
9
/6
8
A
lg
o
ri
th
m
,
te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g,
a
n
d
n
u
rs
e
p
re
sc
ri
b
in
g
N
u
rs
e
in
st
ru
ct
ed
p
a
rt
ic
ip
a
n
ts
in
u
se
o
f
a
u
to
m
a
te
d
h
o
m
e
b
lo
o
d
p
re
ss
u
re
m
o
n
it
o
r,
fo
ll
o
w
ed
u
p
w
it
h
te
le
p
h
o
n
e
ca
ll
s
a
t
o
n
e
w
ee
k
a
n
d
o
n
e,
tw
o
,
a
n
d
fo
u
r
m
o
n
th
s,
a
n
d
ch
a
n
ge
d
d
o
se
s
o
f
d
ru
gs
(o
r
in
it
ia
te
d
n
ew
d
ru
g
in
co
n
su
lt
a
ti
o
n
w
it
h
p
h
ys
ic
ia
n
)
a
cc
o
rd
in
g
to
m
a
n
a
ge
m
en
t
a
lg
o
ri
th
m
b
a
se
d
o
n
N
at
io
n
a
lC
o
m
m
it
te
e
o
n
D
et
ec
ti
o
n
,
Ev
a
lu
at
io
n
,
a
n
d
Tr
e
a
tm
en
t
o
f
H
ig
h
B
lo
o
d
P
re
ss
u
re
(s
ix
th
re
p
o
rt
)
gu
id
e
lin
e.
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
a
th
o
m
e
tw
ic
e
d
a
ily
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(U
A
7
5
1
,
A
&
D
M
e
d
ic
a
l,
S
a
n
Jo
se
,
C
A
,
U
S
A
),
p
o
st
ed
to
n
u
rs
e
ea
ch
fo
rt
n
ig
h
t
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
a
d
eq
u
at
e
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
a
n
d
u
se
o
fa
n
ti
h
yp
er
te
n
si
ve
d
ru
gs
R
ed
u
ct
io
n
in
sy
st
o
lic
:−
1
4
.2
(S
D
1
7
.2
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−5
.7
(S
D
1
8
.7
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:
−6
.5
(S
D
1
0
.0
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,−
3
.4
(S
D
8
.0
)
m
m
H
g
fo
rc
o
n
tr
o
l.
A
n
ti
h
yp
er
te
n
si
ve
d
ru
g
s:
6
6
/6
9
fo
r
in
te
rv
en
ti
o
n
,
5
3
/6
8
fo
r
co
n
tr
o
l
RESEARCH
page 8 of 17 BMJ | ONLINE FIRST | bmj.com
S
tu
d
y
a
n
d
se
tt
in
g
S
tu
d
y
ty
p
e
(d
u
ra
ti
o
n
)
P
a
rt
ic
ip
a
n
ts
S
a
m
p
le
si
ze
(i
n
te
rv
e
n
ti
o
n
/
co
n
tr
o
ls
)
S
u
b
g
ro
u
p
s
a
n
a
ly
se
d
In
te
rv
e
n
ti
o
n
s
Q
u
a
li
ty
ju
d
g
m
en
t*
O
u
tc
o
m
e
m
e
a
su
re
s
e
xt
ra
ct
e
d
†
R
e
su
lt
s
S
ch
ro
ed
e
r
2
0
0
5
4
3
B
ri
st
o
l,
En
gl
a
n
d
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
P
a
rt
ic
ip
a
n
ts
w
it
h
u
n
co
n
tr
o
lle
d
h
yp
e
rt
en
si
o
n
d
ef
in
ed
a
s
≥1
5
0
o
r
≥9
0
m
m
H
g
1
1
0
/9
4
N
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
N
u
rs
e
d
el
iv
e
re
d
se
ss
io
n
o
n
a
d
h
er
en
ce
su
p
p
o
rt
(2
0
m
in
u
te
s)
w
it
h
fo
llo
w
-u
p
se
ss
io
n
(1
0
m
in
u
te
s)
a
ft
er
tw
o
m
o
n
th
s.
M
et
h
o
d
o
fb
lo
o
d
p
re
ss
u
re
m
ea
su
re
m
e
n
tn
o
t
d
es
cr
ib
ed
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(n
u
rs
es
n
o
t
b
li
n
d
e
d
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
1
4
2
.9
(S
D
1
7
.6
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
4
7
.7
(S
D
2
0
.9
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
8
0
.4
(S
D
1
0
.1
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
7
9
.9
(S
D
9
.7
)
m
m
H
g
fo
r
co
n
tr
o
l
Ta
yl
o
r
2
0
0
3
3
1
S
a
n
ta
C
la
ra
,
C
a
lif
o
rn
ia
,
U
S
A
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
P
eo
p
le
w
it
h
d
ia
b
et
es
a
g
ed
≥1
8
,
w
it
h
h
ae
m
o
gl
o
b
in
A
1
c
>1
0
%
a
n
d
o
n
e
o
f
h
yp
e
rt
en
si
o
n
,
d
ys
li
p
id
a
em
ia
,
o
r
ca
rd
io
va
sc
u
la
r
d
is
ea
se
6
1
/6
6
A
lg
o
ri
th
m
,
te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g,
a
n
d
n
u
rs
e
p
re
sc
ri
b
in
g
9
0
m
in
u
te
m
ee
ti
n
g
w
it
h
n
u
rs
e
to
re
vi
ew
ca
re
a
n
d
d
e
ve
lo
p
se
lf
m
a
n
a
ge
m
en
t
p
ro
gr
a
m
m
e,
1
-2
h
o
u
r
gr
o
u
p
se
ss
io
n
s
w
ee
kl
y
fo
r
fo
u
r
w
ee
ks
,
th
en
fo
ll
o
w
-u
p
te
le
p
h
o
n
e
ca
ll
s
u
n
ti
l
5
2
w
ee
ks
.N
u
rs
e
ca
re
m
a
n
a
ge
rs
u
se
d
tr
ea
tm
e
n
t
a
lg
o
ri
th
m
s
fo
r
d
ia
b
et
ic
b
lo
o
d
p
re
ss
u
re
a
n
d
lip
id
tr
e
a
tm
en
t
a
cc
o
rd
in
g
to
n
a
ti
o
n
a
lg
u
id
el
in
e
s
(A
m
er
ic
a
n
D
ia
b
e
te
s
A
ss
o
ci
a
ti
o
n
2
0
0
0
).
B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
w
it
h
a
“s
ta
n
d
a
rd
is
ed
m
e
rc
u
ry
sp
h
yg
m
o
m
a
n
o
m
et
er
a
n
d
p
ro
to
co
l”
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
lin
d
in
g
a
d
e
q
u
a
te
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
e
t<
1
3
0
m
m
H
g
sy
st
o
lic
S
ys
to
lic
:
1
3
0
.9
(S
D
1
4
.8
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
3
7
.1
(S
D
1
9
.5
)
m
m
H
g
fo
r
co
n
tr
o
l.
D
ia
st
o
li
c:
7
5
.5
(S
D
1
0
.9
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
7
4
.2
(S
D
1
2
.2
)
m
m
H
g
fo
r
co
n
tr
o
l.
Ta
rg
et
b
lo
o
d
p
re
ss
u
re
:
3
2
/6
1
fo
r
in
te
rv
e
n
ti
o
n
,
2
8
/6
6
fo
r
co
n
tr
o
l
To
b
e
2
0
0
6
,3
7
C
a
n
a
d
a
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
2
m
o
n
th
s)
“F
ir
st
n
a
ti
o
n
s”
A
m
e
ri
ca
n
In
d
ia
n
p
e
o
p
le
≥a
ge
d
1
8
w
it
h
ty
p
e
2
d
ia
b
et
es
a
n
d
h
yp
er
te
n
si
o
n
(b
lo
o
d
p
re
ss
u
re
>1
3
0
/
8
0
m
m
H
g)
4
8
/4
7
A
lg
o
ri
th
m
,
co
m
m
u
n
it
y
m
o
n
it
o
ri
n
g,
a
n
d
n
u
rs
e
p
re
sc
ri
b
in
g
H
o
m
e
ca
re
n
u
rs
e
d
el
iv
e
re
d
st
ru
ct
u
re
d
a
d
vi
ce
o
n
lif
es
ty
le
a
n
d
n
u
rs
e
m
a
n
a
ge
d
,
ch
a
n
ge
d
d
ru
gs
fo
r
h
yp
e
rt
e
n
si
o
n
a
cc
o
rd
in
g
to
lo
ca
lp
ro
to
co
l,
a
n
d
en
co
u
ra
ge
d
a
d
h
e
re
n
ce
.N
u
rs
e
fo
llo
w
-u
p
a
p
p
o
in
tm
e
n
ts
a
t
si
x
w
e
ek
s
a
n
d
th
re
e,
si
x,
n
in
e,
a
n
d
1
2
m
o
n
th
s.
B
lo
o
d
p
re
ss
u
re
m
e
a
su
re
d
w
it
h
B
p
TR
U
(C
o
q
u
it
la
m
,
C
a
n
a
d
a
)
a
u
to
m
a
te
d
o
sc
il
lo
m
e
tr
ic
cu
ff
a
ft
er
se
a
te
d
fo
r
3
0
m
in
u
te
s
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
a
d
eq
u
a
te
,
b
lin
d
in
g
in
a
d
eq
u
at
e
(o
p
en
st
u
d
y)
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
R
ed
u
ct
io
n
in
sy
st
o
lic
:−
2
4
.0
(S
D
1
3
.5
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
−1
7
.0
(S
D
1
8
.6
)
m
m
H
g
fo
r
co
n
tr
o
l.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:
−1
1
.6
(S
D
1
0
.6
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
−6
.8
(S
D
1
1
.1
)
m
m
H
g
fo
r
co
n
tr
o
l
To
n
st
a
d
2
0
0
7
,4
9
O
sl
o
;
N
o
rw
a
y
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
si
x
m
o
n
th
s)
A
d
u
lt
s
a
ge
d
3
0
-6
9
w
it
h
h
yp
e
rt
en
si
o
n
(s
ys
to
li
c
b
lo
o
d
p
re
ss
u
re
1
4
0
-
1
6
9
m
m
H
g
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
9
0
-9
9
m
m
H
g)
re
cr
u
it
e
d
fr
o
m
O
sl
o
H
ea
lt
h
S
tu
d
y
1
4
7
/1
4
3
N
u
rs
e
le
d
cl
in
ic
(s
ec
o
n
d
a
ry
ca
re
)
In
it
ia
l6
0
m
in
u
te
se
ss
io
n
a
n
d
su
b
se
q
u
e
n
t
m
o
n
th
ly
3
0
m
in
u
te
se
ss
io
n
s
w
it
h
n
u
rs
e
p
ro
m
o
ti
n
g
lif
es
ty
le
b
eh
a
vi
o
u
rs
a
cc
o
rd
in
g
to
in
d
iv
id
u
al
ri
sk
p
ro
fi
le
,b
a
se
d
o
n
b
eh
a
vi
o
u
ra
l
se
lf
m
a
n
a
ge
m
e
n
t
se
ve
n
st
a
ge
s
o
f
ch
a
n
ge
m
o
d
el
.B
lo
o
d
p
re
ss
u
re
m
e
a
su
re
d
a
ft
er
fi
ve
m
in
u
te
s
se
a
te
d
S
eq
u
en
ce
g
en
er
a
ti
o
n
a
d
e
q
u
a
te
,
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g
in
a
d
eq
u
a
te
(n
u
rs
e
n
o
t
b
lin
d
e
d
)
S
ys
to
li
c
a
n
d
d
ia
st
o
lic
b
lo
o
d
p
re
ss
u
re
S
ys
to
lic
:
1
4
7
(S
D
9
)
m
m
H
g
fo
r
in
te
rv
e
n
ti
o
n
,
1
4
3
(S
D
1
0
)
m
m
H
g
fo
rc
o
n
tr
o
l.
D
ia
st
o
lic
:9
1
(S
D
8
)
m
m
H
g
fo
r
in
te
rv
en
ti
o
n
,
9
2
(S
D
8
)
m
m
H
g
fo
r
co
n
tr
o
l
W
o
o
ll
a
rd
1
9
9
5
,2
8
P
e
rt
h
,
A
u
st
ra
lia
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
l(
1
8
w
e
ek
s)
Tr
e
a
te
d
h
yp
er
te
n
si
ve
p
a
ti
e
n
ts
re
cr
u
it
ed
in
p
ri
m
a
ry
ca
re
5
2
/4
6
/4
8
Te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g
(g
ro
u
p
1
)
a
n
d
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
(g
ro
u
p
2
)
G
ro
u
p
1
:
si
n
gl
e
fa
ce
to
fa
ce
1
5
m
in
u
te
se
ss
io
n
d
is
cu
ss
in
g
ri
sk
fa
ct
o
rs
,
su
p
p
o
rt
ed
b
y
ed
u
ca
ti
o
n
a
lm
a
n
u
a
l,
fo
ll
o
w
ed
b
y
fi
ve
1
5
m
in
u
te
te
le
p
h
o
n
e
co
u
n
se
lli
n
g
se
ss
io
n
s.
G
ro
u
p
2
:a
s
gr
o
u
p
1
b
u
tg
iv
en
si
x
4
5
m
in
u
te
fa
ce
to
fa
ce
se
ss
io
n
s
in
st
ea
d
.G
ro
u
p
3
:
u
su
al
ca
re
.B
lo
o
d
p
re
ss
u
re
w
a
s
m
e
a
n
o
f
th
re
e
m
ea
su
re
m
en
ts
a
t
th
re
e
m
in
u
te
in
te
rv
a
ls
a
ft
e
r
b
ei
n
g
se
a
te
d
fo
r
1
0
m
in
u
te
s
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(D
IN
A
M
A
P
1
8
4
6
S
X
;
G
E
H
ea
lt
h
ca
re
,
U
K
)
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g
in
a
d
eq
u
a
te
(n
u
rs
e
a
n
d
p
a
rt
ic
ip
a
n
ts
n
o
t
b
lin
d
ed
)
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
R
ed
u
ct
io
n
in
sy
st
o
lic
:
gr
o
u
p
1
,
−6
.0
(S
D
2
5
.8
)m
m
H
g;
g
ro
u
p
2
,
−8
.0
(S
D
3
1
.1
)m
m
H
g;
g
ro
u
p
3
,
−4
.0
(S
D
1
6
.8
)
m
m
H
g
.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:g
ro
u
p
1
,
−1
.0
(S
D
1
0
.9
)m
m
H
g;
g
ro
u
p
2
,
−2
.0
(S
D
8
.7
)
m
m
H
g
;
gr
o
u
p
3
,
1
.0
(S
D
8
.8
)
m
m
H
g
W
o
o
lla
rd
2
0
0
3
2
7
P
e
rt
h
,
A
u
st
ra
lia
R
a
n
d
o
m
is
e
d
co
n
tr
o
ll
ed
tr
ia
lw
it
h
b
lo
ck
ra
n
d
o
m
is
a
ti
o
n
(
1
2
m
o
n
th
s)
A
d
u
lt
s
a
ge
d
2
0
-7
5
w
it
h
h
yp
e
rt
en
si
o
n
(d
ef
in
e
d
a
s
sy
st
o
li
c
>1
4
0
m
m
H
g
o
r
d
ia
st
o
lic
>9
0
m
m
H
g
w
h
il
e
re
ce
iv
in
g
tr
ea
tm
en
t)
,o
r
w
it
h
ty
p
e
2
d
ia
b
et
es
o
r
co
ro
n
a
ry
h
ea
rt
d
is
ea
se
,r
ec
ru
it
e
d
fr
o
m
g
en
er
a
lp
ra
ct
ic
e
s
4
9
/5
4
/5
7
Te
le
p
h
o
n
e
m
o
n
it
o
ri
n
g
(g
ro
u
p
1
)
a
n
d
n
u
rs
e
le
d
cl
in
ic
(p
ri
m
a
ry
ca
re
)
(g
ro
u
p
2
)
G
ro
u
p
1
:
in
it
ia
lf
a
ce
to
fa
ce
se
ss
io
n
d
is
cu
ss
in
g
ri
sk
fa
ct
o
rs
,f
o
llo
w
e
d
b
y
m
o
n
th
ly
1
0
-1
5
m
in
u
te
te
le
p
h
o
n
e
co
n
su
lt
a
ti
o
n
s
fo
r
o
n
e
ye
a
r.
G
ro
u
p
2
:c
o
u
n
se
lle
d
in
fa
ce
to
fa
ce
m
o
n
th
ly
se
ss
io
n
s
la
st
in
g
u
p
to
o
n
e
h
o
u
r,
fo
r
o
n
e
ye
a
r.
G
ro
u
p
3
:
u
su
a
lc
a
re
.B
lo
o
d
p
re
ss
u
re
m
ea
su
re
d
w
it
h
a
u
to
m
a
te
d
m
o
n
it
o
r
(D
IN
A
M
A
P
1
8
4
6
S
X
/P
;
G
E
H
ea
lt
h
ca
re
,
U
K
)
ev
er
y
tw
o
m
in
u
te
s
fo
r
1
0
m
in
u
te
s
a
ft
e
r
re
st
in
g
se
a
te
d
fo
r
fi
ve
m
in
u
te
s
S
eq
u
en
ce
g
en
er
a
ti
o
n
u
n
cl
e
a
r
(n
o
t
d
e
sc
ri
b
ed
),
a
ll
o
ca
ti
o
n
co
n
ce
a
lm
e
n
t
u
n
cl
ea
r
(n
o
t
d
es
cr
ib
e
d
),
b
li
n
d
in
g:
a
d
e
q
u
a
te
R
ed
u
ct
io
n
in
sy
st
o
lic
a
n
d
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
a
n
d
b
lo
o
d
p
re
ss
u
re
ta
rg
et
<1
3
0
/8
5
m
m
H
g
R
ed
u
ct
io
n
in
sy
st
o
lic
:
gr
o
u
p
1
,
−0
.9
(S
D
1
1
.5
)m
m
H
g;
g
ro
u
p
2
,
−3
.1
(S
D
1
0
.0
)m
m
H
g;
g
ro
u
p
3
,
0
.2
(S
D
1
5
.9
)
m
m
H
g.
R
ed
u
ct
io
n
in
d
ia
st
o
lic
:g
ro
u
p
1
,
−2
.0
(S
D
8
.7
)
m
m
H
g
;
gr
o
u
p
2
,
−1
.8
(S
D
8
.7
)
m
m
H
g
;
gr
o
u
p
3
,
−0
.7
(S
D
8
.0
)
m
m
H
g
.T
a
rg
e
t
b
lo
o
d
p
re
ss
u
re
:
g
ro
u
p
1
,
2
6
/
4
9
,
gr
o
u
p
2
,3
3
/5
4
,
gr
o
u
p
3
,
2
4
/5
7
W
H
O
M
O
N
IC
A
=W
o
rl
d
H
e
a
lt
h
O
rg
a
n
iz
a
ti
o
n
M
o
n
it
o
ri
n
g
Tr
e
n
d
s
a
n
d
D
e
te
rm
in
a
n
ts
in
C
a
rd
io
va
sc
u
la
r
D
is
e
a
se
;
U
K
P
D
S
=
U
n
it
e
d
K
in
g
d
o
m
P
ro
sp
e
ct
iv
e
D
ia
b
e
te
s
S
tu
d
y.
*G
o
o
d
q
u
a
li
ty
st
u
d
ie
s.
RESEARCH
BMJ | ONLINE FIRST | bmj.com page 9 of 17
Table 2 | Summary of meta-analyses of studies using nurse led interventions to manage hypertension. Values are for weighted mean differences unless
stated otherwise
Study characteristics
Good quality studies All studies
Mean (95% CI) Heterogeneity* Mean (95% CI) Heterogeneity*
Use of algorithm:
SBP at follow-up NR (n=1) NR NR (n=5) P=0.003; I²=75%
DBP at follow-up NR (n=1) NR NR (n=6) P<0.001; I²=83%
Change in SBP (mm Hg) from baseline −9.7 (−14.0 to −5.4) (n=2) P=0.58; I²=0% −8.2 (−11.5 to −4.9) (n=4) P=0.66; I²=0%
Change in DBP (mm Hg) from baseline −4.3 (−7.4 to −1.2) (n=2) P=0.23; I²=30% NR (n=5) P<0.001; I²=88%
Achievement of study blood pressure target (relative risk) 1.09 (0.93 to 1.27) (n=3) P=0.12; I²=53% NR (n=10) P=0.006; I²=61%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=6) P<0.001; I²=91%
Nurse led clinics in primary care:
SBP at follow-up NR (n=2) P=0.008; I²=86% NR (n=4) P=0.004; I²=77%
DBP at follow-up −2.9 (−6.9 to 1.1) (n=2) P=0.10; I²=63% NR (n=4) P=0.03; I²=66%
Change in SBP from baseline (WMD) NR (n=1) NR −3.5 (−5.9 to −1.1) (n=6) P=0.16; I²=36%
Change in DBP from baseline NR (n=1) NR −1.9 (−3.4 to −0.5) (n=6) P=0.12; I²=43%
Achievement of study blood pressure target (relative risk) 1.14 (0.83 to 1.57) (n=2) P=0.06; I²=72% NR (n=7) P=0.02; I²=61%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=4) P<0.001; I²=90%
Nurse led clinics in secondary care:
SBP at follow-up NR (n=1) NR NR (n=3) P=0.01; I²=76%
DBP at follow-up NR (n=1) NR −1.4 (−3.6 to 0.86) (n=3) P=0.88; I²=0%
Change in SBP from baseline NR (n=0) NR NR (n=1) NR
Change in DBP from baseline NR (n=0) NR NR (n=1) NR
Achievement of study blood pressure target (relative risk) NR (n=1) NR 1.47 (0.79 to 2.74) {3} P=0.06; I²=65%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=1) NR
Nurse prescribing:
SBP at follow-up NR (n=1) NR −7.2 (−10.9 to −3.5) (n=4) P=0.14; I²=45%
DBP at follow up NR (n=1) NR NR (n=5) P=0.03; I²=63%
Change in SBP from baseline −9.7 (−14.0 to −5.4) (n=2) P=0.58; I²=0% −8.9 (−12.5 to −5.3) (n=3) P=0.69; I²=0%
Change in DBP from baseline −4.3 (−7.4 to −1.2) (n=2) P=0.23; I²=30% −4.0 (−5.3 to −2.7) (n=4) P=0.66; I²=0%
Achievement of study blood pressure target (relative risk) 1.20 (0.96 to 1.50) (n=2) P=0.24; I²=27% NR (n=6) P=0.04; I²=57%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=3) P=0.01; I²=78%
Telephone monitoring:
SBP at follow-up −2.9 (−7.5 to 1.6) (n=4) P=0.05; I²=62% −3.5 (−7.4 to 0.4) (n=5) P=0.05; I²=58%
DBP at follow-up NR (n=2) P=0.02; I²=81% −1.1 (−5.8 to 3.6) (n=3) P=0.06; I²=65%
Change in SBP from baseline NR (n=1) NR −3.9 (−8.9 to 1.0) (n=3) P=0.17; I²=44%
Change in DBP from baseline NR (n=1) NR −2.1 (−4.1 to −0.3) (n=3) P=0.72; I²=0%
Achievement of study blood pressure target (relative risk) NR (n=1) NR 1.24 (1.08 to 1.43) (n=3) P=1.00; I²=0%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=1) NR
Community monitoring:
SBP at follow-up −3.4 (−6.1 to −0.7) (n=4) P=0.21; I²=33% NR (n=6) P=0.03; I²=60%
DBP at follow-up NR (n=4) P=0.02; I²=69% NR (n=7) P=0.01; I²=64%
Change in SBP from baseline −4.8 (−8.3 to −1.2) (n=2) P=0.18; I²=44% −4.8 (−7.0 to −2.7) (n=4) P=0.51; I²=0%
Change in DBP from baseline −3.1 (−4.8 to −1.3) (n=2) P=0.22; I²=33% −3.5 (−4.5 to −2.5) (n=4) P=0.54; I²=0%
Achievement of study blood pressure target (relative risk) NR (n=1) NR NR (n=4) P<0.001; I²=90%
Use of antihypertensive drugs (relative risk) NR (n=1) NR NR (n=4) P<0.001; I²=90%
Ethnic minority analyses
SBP at follow-up:
African American −7.8 (−14.6 to −0.9) (n=4) P=0.05; I²=63% −6.3 (−10.7 to −1.9 (n=5) P=0.06; I²=56%
Chinese −2.6 (−7.5 to 2.3) (n=3) P=0.04; I²=68% −2.6 (−7.5 to 2.3) (n=3) P=0.04; I²=68%
Pooled minority groups NR (n=7) P=0.009; I²=65% NR (n=10) P=0.009; I²=59%
DBP at follow-up:
African American NR (n=4) P=0.02; I²=71% NR (n=5) P=0.03; I²=62%
Chinese −0.5 (−2.3 to 1.3) (n=3) P=0.61; I²=0% −0.5 (−2.3 to 1.3) (n=3) P=0.61; I²=0%
Pooled minority groups −1.7 (−3.9 to 0.6) (n=7) P=0.06; I²=51% −1.7 (−3.0 to −0.4) (n=10) P=0.07; I²=43%
Change in SBP from baseline:
African American NR (n=1) NR NR (n=1) NR
Chinese NR (n=1) NR NR (n=1) NR
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Onlyonegoodquality studyreportedabsoluteblood
pressure as an outcome, but pooling of four studies
showed a significantly lower absolute outcome systolic
bloodpressure in favourofnurseprescribing:weighted
mean difference −7.2mmHg (95% confidence interval
−10.9 to −3.5).30 31 37 40
Two good quality studies showed no difference in
achievement of study blood pressure target (relative
risk 1.20, 95%confidence interval 0.96 to 1.50).40 48 Sig-
nificant statistical and clinical heterogeneity precluded
further pooled analysis.
Telephone monitoring
Seven studies included telephone monitoring of blood
pressure by nurses.25-31 Meta-analysis of four groups
from three good quality studies showed no significant
difference in outcome systolic blood pressure
(weighted mean difference −2.9 mm Hg, 95% confi-
dence interval −7.5 to 1.6).25 26 29 Pooling of all studies
gave a similar result (−3.5 mm Hg, −7.4 to 0.4; fig 4),
and pooling of three studies also showed no difference
for outcome diastolic blood pressure (−1.1 mm Hg,
−5.8 to 3.6). 26 29 31
Pooled data from three studies25 27 31 (one of good
quality25) showed a higher achievement of study
blood pressure targets with telephone monitoring
thanwith usual care (relative risk 1.24, 95% confidence
interval 1.08 to 1.43).
Community monitoring
Eight studies involved nurse interventions delivered
outside of healthcare settings. Locations included the
home,32 33 37 50 community centres,24 26 or a choice of
both.34 One study was set in the workplace35 and one
in a pharmacy.36 Pooled data from four good quality
studies26 32-34 showed a lower outcome systolic blood
pressure in favour of monitoring in the community
(weighted mean difference −3.4 mm Hg, 95% confi-
dence interval −6.1 to −0.7; fig 5) and two good quality
studies showed greater magnitudes of blood pressure
reduction with community monitoring than with usual
care: systolic −4.7 mm Hg (−8.3 to −1.2) and diastolic
−3.1mmHg (−4.8 to −1.3). 32 34 Pooling of data from all
four studies also showed a greater magnitude of reduc-
tions in favourof the intervention: systolic−4.8mmHg
(−7.0 to−2.7) 32 34 36 37 anddiastolic−3.5mmHg (−4.5 to
−2.5). 32 34 35 37
Four studies,32 35 36 50 including one of good quality,32
reported significantly better achievement of blood
pressure targets in favour of the intervention, but sig-
nificant heterogeneity precluded pooled analysis.
Nurse led clinics
Fourteen studies were of nurse led clinics in primary
care20-232728 3538-4350 and six in secondary care
settings.44-49 For primary care studies, two of good qual-
ity showed no difference in diastolic blood pressure
  Hill 2003* 
  O'Hare 2004
  Rudd 2004*
  Tobe 2006
Total (95% CI)
Test for heterogeneity: τ2=0.00, χ2=1.58, df=3, P=0.66, I2=0%
Test for overall effect: z=4.87, P<0.001
-10.90 (-17.05 to -4.75)
-4.60 (-13.05 to 3.85)
-8.50 (-14.52 to -2.48)
-7.00 (-13.55 to -0.45)
-8.21 (-11.52 to -4.91)
28.9
15.3
30.2
25.5
100.0
-20 -15 -10 -5 0 5
Study
Favours
algorithm
Favours
usual care
Mean difference
(inverse variance,
random, 95% CI)
Mean difference
(inverse variance,
random, 95% CI)
Weight
(%)
-7.5
-6.7
-14.2
-24.0
* Good quality study
Mean
22.2
21.2
17.2
13.5
SD
Algorithm
125
41
69
48
283
Total SD Total
3.4
-2.1
-5.7
-17.0
Mean
25.0
17.47
18.7
18.6
106
40
68
47
261
Usual care
Fig 2 | Change in systolic blood pressure with nurse led use of algorithm compared with usual care
Study characteristics
Good quality studies All studies
Mean (95% CI) Heterogeneity* Mean (95% CI) Heterogeneity*
Mixed non-white NR (n=0) NR −17.1 (−29.5 to −4.8) (n=2) P=0.59; I²=0%
Pooled minority groups −8.4 (−12.0 to −4.7) (n=2) P=0.32; I²=1% −8.1 (−11.0 to −5.2) (n=6) P=0.53; I²=0%
Change in DBP from baseline:
African American NR (n=1) NR NR (n=1) NR
Chinese NR (n=1) NR NR (n=1) NR
Mixed non-white NR (n=0) NR −7.9 (−16.3 to 0.6) (n=2) P=0.26; I²=21%
Pooled minority groups −3.7 (−8.2 to 0.7) (n=2) P=0.08; I²=67% −4.1 (−6.4 to −1.8) (n=6) P=0.27; I²=22%
Achievement of study blood pressure target (relative risk):
Pooled minority groups NR (n=1) NR NR (n=3) P=0.04; I²=68%
Use of antihypertensive drugs (relative risk)
South Asian NR (n=0) NR 1.22 (0.90 to 1.65) (n=2) P=0.22; I²=34%
Pooled minority groups NR (n=1) NR 1.22 (1.02 to 1.47) (n=4) P=0.33; I²=12%
SBP=systolic blood pressure; DBP=diastolic blood pressure; NR=not reported as pooling not undertaken due to significant heterogeneity or absence of data.
*P value from χ2 test.
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(−2.9 mm Hg, −6.9 to 1.1).2040 Pooling of all studies
showed a greater magnitude of reduction in blood pres-
sure for nurse led clinics compared with usual care (sys-
tolic −3.5 mm Hg, −5.9 to −1.1 and diastolic −1.9 mm
Hg, −3.4 to −0.5; fig 6),2327 284041 and two good quality
studies showed no difference in achievement of blood
pressure targets with nurse led clinics (relative risk 1.14,
95% confidence interval 0.83 to 1.57). 22 40
For secondary care clinics, only two were of good
quality and did not report comparable outcomes.46 48
For all studies, pooling of data from three studies
showed no difference in outcome diastolic blood pres-
sure (weighted mean difference −1.4 mm Hg, −3.6 to
0.86)44 46 49 and no greater achievement of study blood
pressure targets (relative risk 1.47, 95% confidence
interval 0.79 to 2.74)44 47 48 in nurse led clinics com-
pared with usual care.
Ethnicity
Significantly lower systolic bloodpressurewas achieved
for anynurse led intervention for fourgroups fromthree
good quality studies recruiting African American parti-
cipants (weighted mean difference −7.8 mm Hg, 95%
confidence interval −14.6 to −0.9) 242940 but neither sys-
tolic nor diastolic blood pressure was lower on pooling
of three good quality studies of Chinese participants
(systolic −2.6 mm Hg, −7.5 to 2.3 and diastolic
−0.5 mm Hg, −2.3 to 1.3; fig 7).333446 Pooling of two
studies, neither of good quality, showed no significant
increase in the use of antihypertensive drugs in South
Asian participants (relative risk 1.22, 95% confidence
interval 0.90 to 1.65),1923 but pooling of four studies
across different ethnic groupings did show a small
increase in favour of any nurse led intervention com-
pared with usual care (1.22, 1.02 to 1.47).19232444
Cost and cost effectiveness
Only four studies presented any data. From theUnited
Kingdom one study reported a cost per patient of £434
(€525, $632) over two years to provide additional
nurse clinics and support from specialist nurses, repre-
senting £28 933 per quality adjusted life year gained19
  Hill 2003* 
  Rudd 2004*
  Tobe 2006
Total (95% CI)
Test for heterogeneity: τ2=0.00, χ2=0.75, df=2, P=0.69, I2=0%
Test for overall effect: z=4.84, P<0.001
-10.90 (-17.05 to -4.75)
-8.50 (-14.52 to -2.48)
-7.00 (-13.55 to -0.45)
-8.87 (-12.46, -5.27)
-6.40 (-10.90 to -1.90)
-3.80 (-5.46 to -2.14)
-3.10 (-6.13 to -0.07)
-4.80 (-9.17 to -0.43)
-3.98 (-5.31 to -2.66)
34.2
35.7
30.1
100.0
8.7
63.1
19.1
9.2
100.0
-20 -15 -10 -5 0 5
Study
Change in systolic blood pressure
Change in diastolic blood pressure
Favours
nurse prescribing
Favours
usual care
Mean difference
(inverse variance,
random, 95% CI)
Mean difference
(inverse variance,
random, 95% CI)
Weight
(%)
-7.5
-14.2
-24.0
* Good quality study
Mean
22.2
17.2
13.5
SD
Nurse prescribing
125
69
48
242
Total SD Total
3.4
-5.7
-17.0
Mean
25.0
18.7
18.6
106
68
47
221
  Hill 2003*
  Logan 1979 
  Rudd 2004*
  Tobe 2006
Total (95% CI)
Test for heterogeneity: τ2=0.00, χ2=1.62, df=3, P=0.66, I2=0%
Test for overall effect: z=5.90, P<0.001
-10.1
-9.9
-6.5
-11.6
15.8
8.6
10.0
10.6
125
206
69
48
448
-3.7
-6.1
-3.4
-6.8
18.6
8.6
8.0
11.1
106
204
68
47
425
Usual care
Fig 3 | Changes in blood pressure with interventions including nurse prescribing compared with usual care
  Artinian 2001*
  Artinian 2007*
  Bosworth 2009 (1)*
  Bosworth 2009 (2)*
  Taylor 2003
Total (95% CI)
Test for heterogeneity: τ2=10.86, χ2=9.64, df=4, P=0.05, I2=58%
Test for overall effect: z=1.75, P=0.08
-19.20 (-32.27 to -6.13)
-3.10 (-7.73 to 1.53)
-0.50 (-4.93 to 3.93)
-0.10 (-4.68 to 4.48)
-6.20 (-12.19 to -0.21)
-3.49 (-7.39 to 0.41)
7.2
24.1
24.8
24.3
19.6
100.0
-40 -30 -20 -10 0 10
Study
Favours
telephone monitoring
Favours
usual care
Mean difference
(inverse variance,
random, 95% CI)
Mean difference
(inverse variance,
random, 95% CI)
Weight
(%)
124.1
145.0
136.3
136.8
130.9
* Good quality study
Mean
13.8
21.0
19.2
20.8
14.8
SD
Telephone monitoring
6
167
144
150
61
528
Total SD Total
143.3
148.1
136.8
136.9
137.1
Mean
10.7
22.3
19.1
19.7
19.5
9
169
143
151
66
538
Usual care
Fig 4 | Absolute systolic blood pressure after nurse led telephone monitoring compared with usual care
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and another study found that primary care costs were
£9.50 per patient comparedwith £5.08 for usual care.43
In theUnited States a study reported a 50%higher total
cost of staff at $134.68 (£92.65, €111.90) per patient
treated in a nurse led clinic compared with $93.70 for
usual care,47 but a Mexican study reported $4 (£2.75,
€3.32) per patient or $1 per 1 mmHg reduction of sys-
tolic blood pressure.32
DISCUSSION
In comparison with usual patterns of care, nurse led
interventions that included a stepped treatment algo-
rithm showed significantly greater reductions of systo-
lic and diastolic blood pressure, but this was not
associated with higher achievement of blood pressure
targets. Studies incorporating nurse led prescribing
also showed bigger reductions of systolic and diastolic
blood pressure. Telephone monitoring was associated
with higher achievement of study targets for blood
pressure. Community monitoring showed lower out-
come systolic bloodpressure, greater reductions in sys-
tolic and diastolic blood pressure, and, although
pooling of data was not possible, greater achievement
of study blood pressure targets. Nurse led clinics in
primary care achieved greater reductions in systolic
and diastolic blood pressure compared with usual
care. No clear beneficial effects on our primary out-
comes were observed from secondary care clinics.
Pooled interventions showed significantly lower sys-
tolic blood pressure in African American participants
with nurse led interventions than with usual care, but
little difference for other ethnic minority groups.
  Artinian 2001
  Garcia-Pena 2001
  Jiang 2007
  Lee 2007
Total (95% CI)
Test for heterogeneity: τ2=2.46, χ2=4.47, df=3, P=0.21, I2=33%
Test for overall effect: z=2.49, P=0.01
-1.00 (-12.94 to 10.94)
-3.10 (-5.64 to -0.56)
-0.90 (-5.03 to 3.23)
-7.40 (-12.03 to -2.77)
-3.40 (-6.08 to -0.73)
4.7
45.0
27.0
23.2
100.0
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Favours
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Favours
usual care
Mean difference
(inverse variance,
random, 95% CI)
Mean difference
(inverse variance,
random, 95% CI)
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(%)
142.3
155.1
129.8
136.2
Mean
12.1
17.3
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16.7
SD
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6
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83
91
525
Total SD Total
143.3
158.2
130.7
143.6
Mean
10.7
16.6
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15.3
9
338
84
93
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Usual care
Fig 5 | Absolute systolic blood pressure after community nurse led interventions compared with usual care for good quality
studies
  Hill 2003*
  Kastarinen 2002 (treatment)
  Kastarinen 2002 (no treatment)
  O'Hare 2004
  Woollard 1995
  Woollard 2003
Total (95% CI)
Test for heterogeneity: τ2=3.00, χ2=7.86, df=5, P=0.16, I2=36%
Test for overall effect: z=2.84, P=0.005
-10.90 (-17.05 to -4.75)
-1.30 (-4.49 to 1.89)
-2.40 (-4.77 to -0.03)
-4.60 (-13.05 to 3.85)
-4.00 (-14.17 to 6.17)
-3.30 (-8.21 to 1.61)
-3.48 (-5.88 to -1.08)
-6.40 (-10.90 to -1.90)
-2.00 (-3.41 to -0.59)
-0.10 (-1.80 to 1.60)
-3.40 (-9.49 to 2.69)
-3.00 (-6.54 to 0.54)
-1.10 (-4.21 to 2.01)
-1.92 (-3.39 to -0.45)
11.7
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  Hill 2003*
  Kastarinen 2002 (no treatment)
  Kastarinen 2002 (treatment)
  O'Hare 2004
  Woollard 1995
  Woollard 2003
Total (95% CI)
Test for heterogeneity: τ2=1.28, χ2=8.70, df=5, P=0.12, I2=43%
Test for overall effect: z=2.55, P=0.01
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Fig 6 | Changes in blood pressure with primary care nurse led clinics compared with usual care
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Strengths and limitations of this review
Since blood pressure was reported variously as final
blood pressure or change from baseline for systolic or
diastolic readings, less pooling of results was possible
than may have been anticipated.
Thirteen of the 33 included randomised controlled
trials met our quality criteria. Only three of these were
from the United Kingdom202248 and none investigated
an unselected primary care hypertensive population.
Therefore the evidence base for nurse led care of hyper-
tension in the United Kingdom relies on generalisation
of findings from other, principally American, health-
care systems. In total, 12 trials were identified from the
United Kingdom, of which six studied blood pressure
control in people with diabetes181922234448, four in
patients with ischaemic heart disease,20213950 and two
in people with uncontrolled hypertension.3843
We restricted our search to articles in English, which
may have excluded some potential international data;
however, we consider it unlikely that significant evi-
dence applicable to UK health care would have only
been published in another language.
The usual reason for judging a trial’s quality as
inadequate was weakness of blinding. As it was not
possible for the participants to always be blinded to
whether they were seeing a doctor, nurse, or other
health professional, this limitation must be accepted
for any face to face intervention. We aimed to assess
blinding of the researchers collecting outcome data to
the intervention; these were often the same nurses who
delivered the intervention and therefore were open to
bias. This lack of formal blinding in trials is recognised
as amethodological challenge51 but neednot be seen as
a limitation because implementation of these findings
would also necessarily be unblinded, so a pragmatic
approach to studying these interventions can be
relevant.52 Future trials will, however, need careful
design to minimise bias.
One third of studies gave no description of the
method used to measure blood pressure and only
seven referred to published guidelines on blood pres-
sure measurement, therefore the reliability of reported
outcome measures cannot be judged easily.
Although interventions such as use of algorithms
and nurse prescribingwere associatedwithmeaningful
Study
African American
Mean difference
(inverse variance,
random, 95% CI)
Mean difference
(inverse variance,
random, 95% CI)
Weight
(%)Mean SD
Nurse led care
Total SD TotalMean
Usual care
  Artinian 2001 (community)*
  Artinian 2001 (telephone)* 
  Artinian 2007*
  Becker 2005
  Hill 2003*
Subtotal (95% CI)
Test for heterogeneity: τ2=12.18, χ2=9.05, df=4, P=0.06, I2=56%
Test for overall effect: z=2.80, P=0.005
-1.00 (-14.48 to 12.48)
-19.20 (-34.43 to -3.97)
-3.10 (-7.73 to 1.53)
-4.00 (-7.40 to -0.60)
-11.60 (-17.75 to -5.45)
-6.29 (-10.69 to -1.89)
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Fig 7 | Systolic blood pressure readings for participants from ethnic minority groups
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blood pressure reductions there was not a concomitant
rise in achievement of target blood pressure. Although
apparently inconsistent this could be a sample size
effect, with some studies underpowered to show differ-
ences in dichotomous outcomes. It may also be
explained by the noticeable variation in individual
blood pressure targets in the studies, whichwere some-
times composite or multiple.18 19 35 44 Therefore report-
ing of absolute blood pressure reductions may be the
more robust outcome measure for comparison in
future reviews.
Many studies combined the use of a treatment algo-
rithm with the nurse intervention; therefore the results
contributed to both analyses. It was not possible within
this review to separate out thoroughly the components
of each intervention that were or were not effective.
For most studies the duration of follow-up was rela-
tively short; only five followed participants for more
than 12 months.19 21 25 40 41 Therefore it is not possible
to extrapolate the findings as sustained benefits of the
interventions.
We present evidence of benefit in some studies of
ethnic minority groups because hypertension is recog-
nised to carry higher levels of morbidity and mortality
in some such populations.8 These findings, however,
pool different types of intervention so cannot identify
specific nurse led interventions of benefit in these
groups. Furthermore, the “usual care” armof some stu-
dies, predominantly from America,24 26 29 40 repre-
sented minimal care; therefore the benefits shown
may be larger than could be expected if introduced to
more inclusive healthcare systems, such as are found in
the United Kingdom.
We included cost and cost effectiveness as a second-
ary outcome measure. It is, however, possible that
other papers discussing this outcome (that is, non-ran-
domised controlled trials) were not retrieved by our
search strategy. Therefore a more thorough primary
review of cost data may be needed.
Comparison with existing literature
The traditional view of the nurse’s role in hypertension
care is to educate, advise, measure blood pressure,51
and enhance self management.53 Previous reviews
have suggested that nurse led care may achieve better
outcomes by increased adherence to protocols and
guidelines, but we found insufficient evidence to con-
firm this.14 Themost recent review12 identified an orga-
nised system of regular review and stepped care as
essential components of successful interventions. This
updated review supports this view, showing benefits in
blood pressure reduction with the use of a treatment
algorithm.Noprevious reviewhas found sufficient evi-
dence to support the assertion that nurse prescribing
should be a key component of nurse interventions for
hypertension14; however, this review has shown better
blood pressure outcomes in favour of nurse prescrib-
ing based on studies in American healthcare systems.
Interventions varied greatly in intensity andpresum-
ably therefore in cost. Lack of information on cost
effectiveness has been identified previously,54 and
although this was only a secondary outcome measure
for this review we noted that only four studies, includ-
ing one of good quality,32 reported on costs.19 32 43 47 All
four showed higher costs for the intervention,
approaching 50% higher in two cases.43 47 Only one
study seemed to be cost effective,32 but costs depend
on the healthcare systemwithinwhich the intervention
is delivered, sowewere unable to showany cost benefit
that could be generalised across differing systems.
Althoughnursesmay save on salary costs, the evidence
is conflicting, with potential savings being offset by an
increased length of consultation.55 Evidence of cost
benefit in acute self limiting conditions56 cannot be
assumed to translate to themanagement of chronic dis-
ease, so future trials should incorporate a formal cost
effectiveness analysis within their design.
Hypertension is identified with higher prevalence
and morbidity levels in some ethnic minority groups
such as AfricanAmericans and SouthAsians.57 Studies
recruiting from these populations found significant
reductions in blood pressures with any nurse led inter-
vention. For studies from non-UK healthcare systems,
“usual care” represented minimal or absent care.29 40
We therefore interpret this with caution.
Implications for clinical practice
The delivery of nurse led care in chronic conditions is a
complex intervention. This review suggests that such
care can improve on doctor led or usual care of hyper-
tension. The key component of an intervention seems
to be a structured treatment algorithm, and we have
found evidence in favour of nurse prescribing.
Although no clear benefits were seen for secondary
care clinics improvements were found in both primary
care and community based settings, suggesting that
these findings can be applied to primary care clinics
in the United Kingdom, or equivalent community set-
tings in other healthcare systems. Although the abso-
lute differences in blood pressure seem small—for
example, a 4 mm Hg greater reduction in diastolic
blood pressure with nurse prescribing than with usual
care, a 2mmHgreduction indiastolic bloodpressure is
associated with a 15% reduction in risk of stroke or
transient ischaemic attack in primary prevention.58
Similarly a 20-30% reduction in frequency of stroke,
coronary heart disease, major cardiovascular events,
and cardiovascular death is seen with a 3 mm Hg
reduction in systolic blood pressure,59 and differences
of this magnitude or greater are seen with nurse led
clinics, nurse prescribing, and the use of an algorithm.
Implications for future research
In this review we found international evidence of ben-
efit from nurse led interventions but no evidence of
good quality was derived from an unselected UK
population with hypertension in primary care. Evi-
dence from other healthcare systems cannot necessa-
rily be generalised, therefore further studies relevant to
the United Kingdom are needed. Such studies should
ideally include a structured algorithm, examine the
role of nurse led prescribing, and include a robust
RESEARCH
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economic assessment. They should report absolute
measures of blood pressure as this would best permit
comparisonwith the existing literature and take care to
minimise bias by blinding outcome assessors to the
intervention.
Conclusions
Nurse led interventions for hypertension in primary
care should include an algorithm to structure care
and can deliver greater blood pressure reductions
than usual care. There is some evidence of improved
outcomes with nurse prescribers, but there is no evi-
dence of good quality from United Kingdom studies
of essential hypertension in primary care. Therefore,
although this review has found evidence of benefit for
nurse led interventions in the management of blood
pressure, evidence is insufficient to support the wide-
spread use of nurses in hypertension management
within the UK healthcare systems.
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